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CHAPTER I  
INTRODUCTION
Gonorrhea i s  th e  m ost fr e q u e n tly  rep orted  communicable d ise a se  in  
th e  U nited S ta tes»  I t  accounts fo r  60% o f  the s p e c i f ie d  d is e a s e s  r e ­
ported  to  the U .S . P u b lic  H ealth S e r v ic e  ( 6 8 ) . There were oOÿ,68l  ca­
s e s  o f  gonorrhea rep orted  in  the U nited S ta te s  in  1973. This rep re­
se n ts  a tw o -fo ld  in c re a se  in  the l a s t  f iv e  y e a r s . There i s  an ur­
gent need fo r  a method o f  d iagn osin g  th e  d ise a se  which cou ld  be used  
in  a la rg e  s c a le  screen in g  program (U lj5 9 ).
At p r e se n t, d ia g n o s is  depends on d ir e c t  o b serva tion  o f  the gon­
ococca l c e l l s  in  exudates and c u l t iv a t io n  o f  the b a c te r ia  from swabs 
o f  in fe c te d  a rea s . O bservation i s  d i f f i c u l t  and u n r e lia b le , w h ile  
c u lt iv a t io n , which i s  th e  standard d ia g n o stic  procedure, i s  tim e con­
suming and l e s s  than 80J» e f f e c t i v e . ( b S ) .  The problems o f  d ia g n o sis  
are compounded l y  a la r g e  r e se r v io r  o f  v ic tim s  who are asymptomatic 
and th er fo re  do n ot seek  trea tm en t. I t  has been rep orted  th a t  up to  
80;/* o f  the fem ales (27>^|li,U8,68 ) and o f  the m ales w ith  the d isea se  
are asymptomatic (2 7 ) . The number o f  rep orted  c a ses  in  the United  
S ta te s  r ep resen ts  on ly  about o n e -th ir d  o f  the estiroated  2 ,5 0 0 ,0 0 0  to
3, 000 ,000 new c a ses  o f  gonorrhea in  1973 (6 8 ) . I t  i s  c le a r  th a t  p re ­
se n t  methods o f  c o n tr o l, in c lu d in g  d e te c t io n , are not e f f e c t iv e  in  lim ­
i t in g  th e  d is e a s e .
There has been a g r ea t d ea l o f  research  aimed a t  d evelop in g  a s u i t ­
ab le  d ia g n o stic  t e s t  fo r  gonorrhea. A v a r ie ty  o f  se r o -d ia g n o st ic  t e s t s  
have been employed if ith  l im ite d  s u c c e s s . Complement f ix a t io n  t e s t s
u sin g  gonococcal protoplasm , lip o p o ly sa c c h a r id e , whole c e l l s ,  and
1
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"soluable" a n tig en s were n o t r e le a b le  (1 5 ,1 |6 ,5 0 ,5 U ,6 0 ,6 3 ,6 9 ) . F lo c ­
c u la t io n  t e s t s  u s in g  p rotop lasm ic a n tig en s and phonol e x tr a c te d , ace­
ton e -p r e c ip ita te d  a n tig en  adsorbed onto le c i t h in - c h o le s t r o l  and ben­
to n it e  p a r t ic le s  were n o t s p e c i f i c  enough fo r  w ide-spread  u s e . (5 2 ,5 6 , 
7 7 ). M icro p rec ip itin  and p a s s iv e  hem agglutination  t e s t s ,  u s in g  a var­
i e t y  o f  a n tig e n s , have been unable to  d e te c t  kno>m p o s i t iv e s  or avoid  
e x c e s s iv e  f a l s e  p o s i t iv e  r e a c tio n s  ( l o ,b 2,^ 5 , 5 2 ) .
Immunofluorescent t e s t s ,  u s in g  h ea t l a b i l e  su rface  a n tig en s ( 11,  
2 it,56 ) and gonococcal p i l i  (3 1 ,5 6 )  may prove to  be o f  v a lu e . One firm . 
C lin ic a l  S c ie n c e s , Incorporated , p la n s to  u se  G aafar's imnmnofIncres­
cen t t e s t  ( 2)4 ) com m ercially in  th e  near fu tu r e . C lin ic a l  t e s t in g  to  
determ ine th e  e f f e c t iv e n e s s  o f  t h i s  t e s t  i s  now undem/ay in  Albany,
New York (p erson al communicationj C lin ic a l  S c ie n c e s , I n c . ) ,  Another 
d ia g n o stic  t e s t  r e c e n t ly  o ffe r e d  was Organon In corp orated 's "G onosti- 
con D ri-D ot" , a la t e x  a g g lu ta in a tio n  t e s t  u s in g  "soluable"  an tigen  
( ii8 ). T h is t e s t  was p u t on the market in  l a t e  1973 and removed th ree  
months la t e r  due to  th e  number o f  f a l s e  p o s i t iv e  and f a l s e  n eg a tiv e  
r e a c tio n s  y ie ld e d  t y  the t e s t  ( 6I ) .
To d a te , th e  m a jo rity  o f  resea rch  done on th e  d ia g n o sis  and im­
munology o f  gonorrhea has been in v o lv ed  w ith  th e  humoral immune response  
to  in f e c t io n ,  Canadian workers have attem pted to  produce p r o te c t iv e  
a n tib o d ies  by v a c c in a tio n  w ith  whole c e l l  ly s a t e s  (2 5 ) . Others have 
su ggested  the u se  o f  gonococcal p i l i  ( 5 ,6 ,3 1 )  and type s p e c i f ic  p o ly ­
saccharide (8 )  as immunizing a g e n ts . As y e t  no su ccess  has been noted  
in  th e  in d u ctio n  o f  p r o te c t iv e  im m unoglobulins,
A r e la t iv e ly  sm all amount o f  resea rch  has been done on the c e l l -  
m ediated immune response in  p a t ie n t s  vrith gonorrhea. I t  was noted  in  
the 19 20 's  by Herrold (2 8 )  and K ohler(38) th a t  persons w ith  gonorrhea
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responded t o  intraderm al in j e c t io n s  o f  gonococcal c u ltu r e  f i l t r a t e s  
and whole c e l l s  o f  N e is s e r ia  gonorrheas w ith  d e layed  h y p e r s e n s it iv ity  
r e a c t io n s . Further irork in  th e  1930*s and e a r ly  19^0*8 by Gorbus (13* 
lU ) , Casper (7)> R o sse tt  ($ 7 ) ,  and Conrad (1 2 ) confirm ed the d e l v e d  
h y p e r s e n s it iv ity  r e a c tio n  to  gonococcal whole c e l l s ,  c e l l  f r a c t io n s ,  
and c u ltu re  f i l t r a t e s  in  p a t ie n ts  w ith  th e  d is e a s e . Unlike the numer­
ous c r it ic is m s  o f  s e r o -d ia g n o s t ic  t e s t s  based on humoral immunity, a l l  
workers u s in g  sk in  t e s t s  rep orted  favorab ly  upon i t s  s p e c i f i c i t y  and 
u s e fu ln e s s .
With th e  advent o f  p e n i c i l l in  treatm ent o f  gonorrhea in  th e  191*0's ,  
b a s ic  research  on gonorrhea la r g e ly  cea sed . The r e c o g n it io n  o f  in ­
creased  r e s is ta n c e  o f  th e  gonococcus t o  a n t ib io t ic s  ( 1 , 9>1*1 *63, 6I|.,73»
71* ) and th e  rap id  in c re a se  in  th e  number o f  c a ses  o f  gonorrhea stim ­
u la te d  a new in t e r e s t  in  both th e  humoral and c e l lu la r  immunity o f  
gonorrhea ,in  the l a t e  19oO's (1*1,59). Kraus, e t  a l . (3 9 ) , dem onstrat­
ed a tru e c e ll-m e d ia te d  response in  p a t ie n ts  w ith  gonorrhea in  1970 
u sin g  lymphocyte tran sform ation . Esquenazi and S t r i e t f e ld  (2 1 ) and 
Grimble and M clllmurray ( 2 6 ) used a v a r ie ty  o f  a n tig en s to  demonstrate 
a c e ll-m e d ia ted  response to  gonococcal in f e c t io n ,  again  u sin g  the lymph- 
o c it e  transform ation  t e  clin ique.
In i 960, Kanai, Youmans, and Youmans dem onstrated th a t  a  "ribosmal 
fra c tio n "  o f  Mycobacterium tu b e r c u lo s is  cou ld  s tim u la te  a delayed hyper­
s e n s i t i v i t y  response in  guinea o ig s  s e n s i t i z e d  w ith  M. tu b e r c u lo s is  ( 3 3 ). 
Further work by Youmans and Youmans (7 7 )  and Baker, e t  a l . ( 2 ,3 ) ,  h is 
shoiTi th a t th e  ribosom es and ribosom al su b u n its o f  n ycob acter ia  are 
e x c e l le n t  a n tig e n s , p o s se s s in g  extrem e s e n s i t i v i t y  and s p e c i f i c i t y ,  
vdien used  to  e l i c i t  d e layed  h y p e r s e n s it iv ity  in  s e n s it iz e d  guinea p ig s .  
The im m unogenicity o f  ribosom es o f  o th er  b a c te r ia l  sp e c ie s  has been
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dem onstrated by se v e r a l resea rch ers who have used ribosom es from D ip- 
lo co ccu s pneumoniae ( 6 6 ) , S trep tococcu s pyogenes (3 2 ) , S taphlococcus  
aureus (7 6 ) ,  Salm onella  typhimurium ( 3 1 ,6 2 ,7 0 ) ,  Pseudomonas aeru^enosa  
(75), and N e is se r ia  m e n in g it id is  (6 5 ) as v a c c in e s  a g a in s t  in f e c t io n  in  
lab oratory  an im als. The s p e c ie s  s p e c i f i c i t y  o f  th e  rebosome has been  
dem onstrated by Barker and Som (58), Otaka, e t  a l .  (49), and B olton  
(U ). The sk in  t e s t  s p e c i f i c i t y  o f  ribosom es has been shown w e ll  w ith  
d if f e r e n t  n y c o b a c ter ia l s p e c ie s  by Baker e t  a l .  ( 2 ) .
Based on the im m unogenicity o f  ribosom es and t h e ir  a b i l i t y  t o  e -  
l i c t  a delayed  l^ ^ je r se n s it iv ity  resp o n se , and the ev id en ce of a c e l l -  
m ediated immune response in  in d iv id u a ls  w ith  gonorrhea, i t  i s  p o s s ib le  
th a t  gonococcal ribosom es cou ld  be o f  use  as a sk in  t e s t  antigem . The 
dem onstration o f  sp e c ie s  s p e c i f i c i t y  o f  the ribosome su ggested  th a t  
the ribosome m ight be a s u ita b le  antigem  fo r  use in  a d ia g n o stic  t e s t  
fo r  gonorrhea.
I t  was proposed in  the resea rch  rep orted  here to  i s o la t e  ribosom es 
from N e is se r ia  gonorrhoeae and use th e se  as sk in  t e s t  an tigen s in  
guinea p ig s  se n s it iz e d w ith  homologous and h etero logou s organisms in  
order to  determ ine th e ir  s e n s i t i v i t y  and s p e c i f i c i t y  in  e l i c t i n g  a 
c e l l  m ediated delayed  h y p e r s e n s it iv ity  resp o n se . An in  v i t r o  c o r r e la te  
o f  delayed  h y p e r s e n s it iv ity ,  th e  macrophage m igration  in h ib it io n  t e s t  
was a lso  to  be employed.
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CHAPTER I I  
HATÎCRIALS AND METHODS
Animals
H artley s t r a in  guinea p ig s ,  male and fem ale , w eighing 3OU-SOO g 
were used in  t h i s  stucfy. They were purchased from a lo c a l  source in  
Hamilton, Montana.
' B a cter ia
B a cter ia  used in c lu d ed  N e is se r ia  gonorrhoeae. N e is se r ia  mening­
i t i d i s  , N e is se r ia  la c ta m icu s . N e is se r ia  f la v e s c e n s , and a M oraxella  
s p e c ie s .  A ll  were c l i n i c a l  i s o l a t e s  ob ta in ed  from Dr. W alter K oostra, 
u n iv e r s ity  o f  Montana. Each bacterium  was grovm se p a r a te ly  in  Thayer- 
Martin medium m th o u t in h ib ito r s  ( 6li) f o r  seven  da;rs a t  37 G in  candle  
ja r s .
S e n s it iz a t io n  o f  Guinea P igs
Incom plete Freund Adjuvant (IFA) was prepared by m ixing 10 p a r ts  
o f  the appropriate k i l l e d  whole c e l l s  in  1 .5  M s a l in e ,  9 p a rts  o f  s t e r ­
i l e  m ineral o i l ,  and 1 p art A r la ce l A in  a double sy r in g e . The f i n a l  
co n cen tra tio n  o f  a n tig en  was lO O ug/O .l.m l. Animals were in o c u la ted  
w ith  th e  appropriate a n tig en  by in j e c t in g  0 .1  ml o f  IFA in to  both  hind  
fo o t  pads ( t o t a l  inoculum , 200ug per guinea p ig ) .  The anim als were 
sk in  t e s t e d  everj»- seven  days by intraderm al in j e c t io n  o f  0 ,1  ml o f  a 
200ug/ml p rep aration  o f  whole c e l l s  in  1 .5  M s a l in e .  S t e r i le  1 .5  M
s a l in e  was a lso  in je c te d  as a c o n tr o l. R ight angle d iam eters and l e -
5
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s io n  th ic k n e ss  (u s in g  a ICroplin S c h n e llt e s te r  ) were measured a t  2k 
hours p o s t  in j e c t io n ,  IFA s t im u la tio n  was rep eated  u n t i l  a d e l v e d
•3
h y p e r s e n s it iv i ty  le s s io n  vrith a volume o f  l^mnr or g r ea ter  was observed . 
T his volume was con sid ered  a p o s i t iv e  slcin t e s t  (74  ) .  The form ula  
fo r  le s io n  volume i s :
Width X Length x  1 /2  H eight x  3 /k  “ Volume
PREPARATION OF SKIN TEST AHTIGEMS
Crude Ribosome Preparation
A groivth curve ^as done to  determ ine when th e  organism s were in  
l a t e  lo g  phase grovrth. At t h i s  p o in t  the c e l l s  are a c t iv e ly  syn th e­
s iz in g  p r o te in  in  la rg e  q u a n t it ie s  and th e r fo r e  th ey  have a maximum 
number o f  ribosom es. Ten f la s k s  w ith  100 ml o f  Thayer-IIartin medium 
vri-thout in h ib ito r s  were in o c u la te d  irith  0 ,5  ml o f  a l iq u id  gonococcol 
c u ltu re  (approxim ately 1 x  10^ organism s per  f l a s k ) .  The f la s k s  were 
incubated in  candle ja r s  a t  37 0 , One f la s k  was removed 2i|. hours a f ­
t e r  in o c u la t io n  and an o p t ic a l  d e n s ity  read in g  was taken a t 550nm,
The cu ltu re  was then  c e n tr ifu g e d  a t  12 ,000xg  fo r  20 m inutes. The 
p e l l e t  was d ried  overn igh t a t  80 C.and th e  dry w eight was determ ined. 
T his was rep eated  each day f o r  each o f  the f la s k s .  The r e s u lt s  appear 
in  F igure 1 . The organism s ivere in  l a t e  lo g  phase groxrth a f t e r  7 days 
o f  in cu b ation .
Ribosomes were e x tr a c te d  from seven  day c u ltu r e s  o f  M, gonorrhoeae, 
and H, m e n in g it id is  u s in g  methods d escr ib ed  by H i l l ,  e t  a l . (3 0 ) .  A ll  
p rep aration s Trere kept below  5 0 a t  a l l  t im es .
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B u ffers :
70S b u ffe r  -  0 .0 1  M MgOl^j 0 .0 1  M Tris-H C l (pH 
0 .0 7  M K d
50S b u ffe r  -  0 .001  M MgCl^J 0 .0 1  M Tris-H Cl (pH l . h ) l
0 .0 7  M KGl
65S (wash) b u ffe r  -  0 .0 1  M MgCl^J 0 .0 1  M Tris-H C l (pH 7 , h )
0 .5  M NH^Clg
A ty p ic a l  procedure fo r  the i s o la t io n  o f  ribosom es i s  as fo llo w s:
Approximately l5 g  o f  a c e l l  p a ste  was washed t if ic e  in  10 volumes 
o f  70S b u ffe r  and c e n tr ifu g e d  a t  12,00Qxg fo r  10 m inu tes. The p e l l e t  
was resuspended a t  a co n cen tra tio n  o f  175 mg/ml. w et w eight in  70S 
b u ffe r . This s lu r iy  was then  loaded  in to  a p r e c h il le d  S o r v a ll-R ib i  
C ell F ra ctio n a to r  and th e  c e l l s  were d isru p ted  a t  13 ,000  pounds per 
square in ch .
IJhole c e l l s ,  c e l l  w a l l s ,  and c e l lu la r  d eb r is  were removed l%r two 
c e n tr ifu g a t io n s  a t  20 ,200xg  fo r  30 m inutes in  a S o r v a ll RC-2B r e f r ig ­
era ted  c e n tr ifu g e . The supernatant was then c e n tr ifu g e d  a t 25U,OOQxg 
fo r  2 .5  hours in  a Type 60 T i r o to r  u s in g  a Beckman model L2-65B u l t r a -  
c e n tr ifu g e . The p e l l e t  was resuspended in  200 ml wash b u ffer  and s t i r ­
red- overn igh t a t  U C, The p rep aration  was again  c en tr ifu g e d  a t  2 0 ,200xg 
fo r  30 m inutes to  remove p a r t ic u la te  m atter and then  c en tr ifu g ed  a t  
25U,00Qxg f o r  2 .5  hours to  r e p e l le t  th e  ribosom es. The r e s u lta n t  i j e l -  
l e t  was resuspended in  a minimal amount o f  wash b u ffe r  (o r  $03 b u ffe r  
i f  the p reparation  was to  be used  fo r  su b u n it i s o la t io n )  and sto red  
a t  -3 0  C u n t i l  needed.
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I s o la t io n  o f  Ribosmal Subunits
Crude rebosomes v ere  s t ir r e d  f o r  3 hours in  50S b u ffe r  a t  1+ C.
The decreased magnesium co n cen tra tio n  caused th e  ribosom es to  become 
u n stab le  and d is s o c ia t e  in to  th e ir  $0S and 308 su b u n its ( 6? ) .  This 
susp en sion  was la y ered  on a 10- 30^ continuous su crose  d e n s ity  grad ien t  
and c en tr ifu g e d  a t  8 l,0 0 0 x g  in  an SW-27 r o to r  fo r  8 .$  hours. The p re­
p aration  was then  c o l le c t e d  by puncturing th e  bottom o f  the c en tr ifu g e  
tubes and c o l le c t in g  1 .0  ml sam ples. The samples were analyzed in  a 
^ G ilford -m od ified  Beckman DU spectrophotom eter a t  260nm and 280nm. The 
260nm read ings were p lo t t e d  a g a in s t  volume number (F igure 2 ) and the 
samples under th e  503 and 308 pealcs were combined to  form the 50S and 
308 subunit p o o ls .
508-308 Pool
The 508-308 poo l was prepared by resuspending a crude r ib osœ œ  
preparation  in  508 b u ffe r . No attem pt was made t o  i s o la t e  s p e c i f ic  
su b u n its from t h i s  p rep a ra tio n .
Ribosome co n cen tra tio n  in  a l l  p rep aration s was assayed  sp e c tr o -
1 a>
p h o to m etr ica lly  a t  260nm u s in g  th e  e x t in c t io n  c o e f f i c i e n t  ^26*,aim = lU5 
( H i l l ,  e t  a l . , 29) in  th e  eq u ation :
m iu t lo n  X
C oncentration ( in  grains 50 “
m5
P u rity  o f  the r ibosm al p rep ara tion s was assayed  u s in g  th e  r a t io  
o f  absorbance a t  260nm and a t  280nm. This i s  th e  r a t io  o f  n u c le ic  a c id  
to  p r o te in . In a pure ribosome p rep aration  the r a t io  should  be approx-, 
im ately  1 .9  (6 6 ) .  A ll  ribosome p rep aration s used  had a 2oOnm/280nm 
r a t io  betvieen 1 .8 5  and 1 . 95 .
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Crude Ribosome P ro te in
P ro te in  from th e  crude ribosome p rep aration  was i s o la t e d  u sin g  
two methods. The f i r s t  method was d escr ib ed  by S p itn ik -E lso n  (6$ );
A s o lu t io n  o f  6 .0  M LiCl and 3 .0  M urea was added to  an equal volume 
o f  crude ribosom es in  70S b u ffe r . The s o lu t io n  was mixed and l e f t  
overn igh t a t  it C. The r e s u lta n t  p r e c ip ita te  was sep arated  by cen ­
tr ifu g a t io n  a t  12 ,000xg fo r  10 m inu tes. The p e l l e t  was washed tv iice  
in  3 .0  M M CI-it, 0 M urea s o lu t io n  and the w ashings were added to  th e  
o r ig in a l su p ern atan t. To t h i s  s o lu t io n , which con ta in s a l l  o f  the  
ribosom al p r o te in , was added an equal volume o f  20^ t r ic h lo r o a c e t ic  
a c id . This was l e f t  a t  it G fo r  2h hou rs. The p r e c ip ita te d  p r o te in  
was cen tr ifu g e d  ou t, washed t^rjice w ith  e th e r , suspended in  0 ,0 1  M HCl, 
and d ia ly se d  a g a in s t  th e  same so lv e n t  fo r  2it hou rs. T his was then  
cen triguged  a t  20 ,000xg fo r  30 m inutes a t  room tem perature. P ro te in  
con cen tra tion  was assayed  u s in g  th e  method d escr ib ed  by Lowry, e t  a l .  
(U 3).
The second method o f  p r o te in  e x tr a c t io n  was d escr ib ed  by F ogel, 
e t  a l . (2 2 ) . F ive volum es o f  c o ld  2-ch lo ro eth a n o l i^ere added to  1 
volume o f  crude rebosomes in  wash b u f fe r . Ifydrochloric a c id  was ad­
ded to  a f in a l  c o n cen tra tio n  o f  0 .0 6  N. The m ixture was m aintained  
a t  U C. fo r  two h ou rs. The p r e c ip ita te d  RI'IA was removed by c e n t r i ­
fu g a tio n  a t  ^,OOQxg fo r  10 m in u tes. The su pern atant, con ta in in g  pro­
t e in ,  was tra n sfe rr ed  to  a d ia ly s i s  sac  and d ia ly se d  a t  1; G a g a in s t  
d i s t i l l e d  w ater. The p r e c ip ita te d  RNA was s im ila r ly  d ia ly se d . P ro te in  
co n cen tra tio n  was determ ined u s in g  the method d escrib ed  by Lô n̂ '", 
e t  aj.. (J|3)
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Crude Ribosome RMA
Ribosomal RÎ̂ A was e x tr a c te d  in  two ways* The f i r s t  method, de­
sc r ib ed  above, u t i l i z e d  the RNA p r e c ip ita te d  hy  2 -ch loroeth an o l t r e a t ­
ment.
The second method o f  ribosom al RNA e x tr a c t io n  was d escr ib ed  by 
Kirby (37)* Equal volumes o f  gonococcal ribosom es and 90fa phenol were 
combined and a llow ed  to  stan d  a t  2^ C fo r  UO m inu tes. This was then  
c en tr ifu g e d  a t  2 ,000xg fo r  1 hour a t  U C* The aqueous la y e r  was se p ­
arated  from th e  phenol la y e r  and potassium  a c e ta te  i-jas added to  the  
aqueous phase to  a co n cen tra tio n  o f  2,0%, The RMA was p r e c ip ita te d  
by the a d d itio n  o f  2 volum es o f  95^ e th a n o l, c o l le c t e d  by c e n tr ifu g a ­
t io n ,  and washed w ith  75% ethanol*  The resid u e  was a llow ed  t o  s i t  
a t  2$ C overn igh t in  an open c o n ta in e r . I t  was then  resuspended in  a  
minimal amount o f  1*5 M s a l in e  and sto r ed  a t  b C u n t i l  needed.
Protoplasm
Protoplasm was e x tr a c te d  as d escr ib ed  by M artin, e t  a l . (b 7 ) .
Cold k i l l e d  gonococci were h a rv ested  by c e n tr ifu g a t io n  and washed tw ice  
in  a s t e r i l e  sa le n e . The c e l l s  were then d isru p ted  as p r e v io u sly  de­
sc r ib ed  in  a S o r v a ll-R ib i C e ll  F ra c tio n a to r . The e f f lu e n t  was cen­
tr ifu g e d  a t  2 7 ,OOOxg fo r  1 hour. The f i n a l  su n em atan t was removed 
and su b je c te d  to  two a d d it io n a l c e n tr ifu g a t io n s  a t  27, OOOxg fo r  1 hour. 
The f in a l  supernatant^ was removed and ly o p h il iz e d  in  a V ir t is  fr e e z e  
dryer and sto r ed  a t  -80  C u n t i l  needed.
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
11
C e ll W alls
The p e l l e t s  from th e  protoplasm  i s o la t io n  c e n tr ifu g a t io n s  were 
combined* These I'jere washed tvrice in  s t e r i l e  s a l in e ,  then  ly o p h il iz e d  
and sto r ed  a t  -80  G u n t i l  needed,
P i l in
P i l l i n ,  th e  p r o te in  o f  gonococcal p i l i ,  was prepared as d escr ib ed  
by Buchanan, e t  a l . ( 6 ) .  C e lls  from Tl and T2 co lon y ty p es (3l+) were 
grown in  1$ l i t e r  q u a n t it ie s  in  a M croferm  ferm entor (New Brunswick 
S c ie n t i f i c  Co., New Brunsivick, N .J .)  in  Thayer~I!artin medium w ithou t  
in h ib ito r s .  The c e l l s  were h arvested  u s in g  a Sharp ies continuous f lo w  
c e n tr ifu g e  (Sharp ies D iv .,  Penwalt C orp., P h ila d e lp h ia , P a ,) ,  P i l i ,  
which were sheared from th e  gonococci during c e n tr ifu g a t io n , were p re ­
c ip ita t e d  from th e  su pernatant by a d ju stin g  th e  pH to  li.O w ith  HGl, 
Follow ing sto ra g e  a t  i|. G fo r  12 hou rs, th e  p r e c ip ita te  was c o l le c t e d  
by Sharpies c e n tr ifu g a t io n  and then  r e d is so lv e d  by s t ir r in g  a t U G in  
0 .0 1  M T r is  (pH 7*5) and 0 .0 1  M KaN^. This su sp en sion  was c e n tr ifu g e d  
a t  12 , OOOxg and the supern atant was d ia ly se d  overn igh t a t  U G a g a in s t  
d i s t i l l e d  w ater. MgCl^ was added t o  th e  d ia ly se d  supernatant t o  a con­
c e n tr a tio n  o f 0 .1  M and th e  m ixture was m aintained a t  U C o v ern ig h t.
The MgClg tr e a te d  p rep ara tion  was then  c e n tr ifu g e d  a t  12 , OOOxg fo r  10 
m inu tes. The p e l l e t  was suspended in  0 .0 1  M T r is  (pH 8 .0 ) ,  0 .0 1  M 
Nal'Ĵ  and d ia ly se d  fo r  th ree  days a g a in s t  th e  same b u ffe r . The suspen­
s io n  was then c e n tr ifu g e d  a t  12 , OOOxg fo r  10 m inutes and the su per­
n atan t was d ia ly se d  o vern igh t a g a in s t  d i s t i l l e d  w ater. The d ia ly se d  
supernatant was su b je c te d  to  th r ee  c y c le s  o f  p r e c ip ita t io n  vri.th MgGl^ 
and th e  d is s o lu t io n  in  0 .0 1  M T r is  (pH 8 .0 ) ,  0 ,0 1  il Nal'J .̂ P ro te in  
co n cen tra tio n  was determ ined u s in g  th e  method o f  L oiny. e t  a l . (U3) 
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The p rep aration  was fro zen  u n t i l  needed.
The id e n t i t y  o f  th e  product was assayed  by e le c tr o p h o re s in g  the  
product, which was b o ile d  fo r  1 minute in  1% SDS and 1% 2-m ercapto- 
e th a n o l, along w ith  known m olecu lar w eight p r o te in s , in  10)o p o ly ­
acrylam ide g e l  w ith  0*3% b isacry lam id e  and 1% SDS.
!"Jhole c e l l s
IThole c e l l s  o f  gonococci were obta in ed  by h a rv estin g  a c o ld  k i l l e d  
( se e  below ) seven  day c u ltu re  by c e n tr ifu g a t io n , washing th e  c e l l s  
tw ice  in  s t e r i l e  s a l in e ,  and resuspending th e  c e l l s  in  s a l in e .  VJhole 
c e l l s  o f  h ea t k i l l e d  (s e e  below ) m eningococci were obta in ed  u s in g  th e  
same method.
SKIM TESTING PROCEDURES
Primary T estin g
The f i r s t  s e r ie s  o f  sk in  t e s t s  was d esign ed  t o  determ ine i f  the  
ribosom al fr a c t io n  was capable o f  producing a d elayed  h y p e r s e n s it iv ity  
response in  s e n s it iz e d  anjjnals. A lso , an a tte n p t was made to  determ ine 
which method o f  k i l l i n g  th e  c e l l s  p r io r  to  anim al immunization produced  
th e  b e s t  s e n s i t iz in g  a n tig e n . F in a l ly ,  se v e r a l c lo s e ly  r e la te d  n e i s ­
s e r ia  and M oraxella s p e c ie s  were used  to  s e n s i t i s e  anim als to  d e ter ­
mine i f  the gonococcal ribosom e p rep aration s p o sse ssed  th e  s p e c i f i c i t y  
n ecessao '’ fo r  an e f f e c t iv e  sk in  t e s t .
Four groups o f  gu inea p ig s  were s e n s i t i z e d  as p r e v io u sly  d escr ib ed  
u sin g  the fo llo w in g  organism s:
Group I  c o n s is te d  o f  s i x  anim als s e n s i t iz e d  w ith  M. gonorrhoeae
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which were k i l l e d  by h e a tin g  a t  100 G fo r  1 hour (h ea t k i l l e d ) .  The 
c e l l s  were h arvested  by c e n tr ifu g a t io n  a t  1 2 ,OOOxg fo r  IB m inutes, 
washed txfice in  d i s t i l l e d  w ater and ixeighed* They were then suspend­
ed in  s t e r i l e  s a l in e  and used  to  malce the IFA p rep aration  as p r e v io u s ly  
d escr ib ed .
Group I I  c o n s is te d  o f  s i x  anim als s e n s i t iz e d  w ith  were k i l l e d  
by pouring the cu ltu r e  over i c e  and h o ld in g  a t  U C fo r  2k hours (c o ld  
k i l l e d ) .  These were h arvested  and used to  immunize the guinea p ig s  
as p r e v io u sly  d escr ib ed .
Group I I I  c o n s is te d  o f  s i x  anim als s e n s i t iz e d  w ith  h eat k i l l e d  
W, m e n in g it id is .
Group IV c o n s is te d  o f  s i x  anim als s e n s i t iz e d  w ith  heat k i l l e d  
M. la cta m icu s, M. f la v e s c e n s , and a M oraxella s p e c ie s .  The c u ltu r e s  
were harvested  se p a r a te ly  and equal amounts o f  each ifere combined,
IThole gonococcal c e l l s  and a gonococcal crude ribosome prepara­
t io n  from seven  day c u ltu r e s  o f  c o ld  k i l l e d  N, gonorrhoeae were used  
to  sk in  t e s t  fou r  anim als in  each group. The p rep aration s viere d i l u t ­
ed to  1 0 , 0 , 5 . 0 ,  1 . 0 , 0 . 5 ,  and 0 , 25u g /0 , l  ml in  s a l in e  and wash b u ffe r  
r e s p e c t iv e ly . The guinea p ig  were in je c te d  in trad erm ally  w ith  0 .1  ml 
o f  each o f  the c e l lu la r  and ribosom al d i lu t io n s  as w e ll  as s a l in e  and 
wash b u ffe r  c o n tr o ls .  The r e a c tio n s  were observed a t  2k hours p o s t  
in j e c t io n .  L esions were measured and volumes determ ined.
Skin t e s t  dose 5 0 's  (STD^q J were determ ined u s in g  the method o f  
Reed and Meunch fo r  determ ining 50^ en d p oin ts (1 9 ) .  T ota l p o s i t iv e s  
fo r  each d i lu t io n  were ob ta in ed  by p la c in g  th e  accumulated p o s i t iv e s  
in  th e  numeaabor and th e  accum ulated p o s i t iv e s  and n eg a tiv es  in  th e  
denom inator. The STD^  ̂ was th en  found u s in g  the eq u ation s:
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^ p o s it iv e s  above 
P rop ortion a l D istan ce (PD) = /p o s i t i v e s  above ^0/b-/anegatives
below  fîÔ
D ilu tio n  w ith  over ^0% p o s i t iv e s  -  PD x  ( d i lu t io n  w ith  
STD^q over $0^ p o s i t iv e s )  -  ( d i lu t io n  w ith  l e s s  than 50;i» p o s i t iv e )
R esu lts  are ta b u la te d  in  Table 1 .
S ix  anim als from each o f  th e  above groups were sk in  t e s t e d  w ith  
d ilu t io n s  o f  gonococcal crude rebosom es, ^03 su b u n its , 308 su b u n its , 
and su crose  c o n tr o ls  th r ee  months a f t e r  the f i n a l  im m unization. A ll  
anim als showed a decreased  r e a c t iv i t y  w ith  as mar^ as fou r  anim als in  
some groups f a i l i n g  to  y i e l d  a p o s i t iv e  r e a c tio n . R esu lts  o f  t h i s  t e s t  
appear in  ta b le  2 . One b o o s tin g  dose w ith  c o ld  k i l l e d  gonococcal c e l l s  
r e s e n s it iz e d  th e  guinea p ig s  in  Group I I .  T his group was then sk in  
t e s t e d  wi.th the above a n t ig e n s . R esu lts  appear in  Table 3»
Skin t e s t in g  to  determ ine s e n s i t i v i t y  o f  th e  crude ribosome
This s e r ie s  o f  sk in  t e s t s  was d esign ed  t o  determ ine the s e n s i ­
t i v i t y  o f  the crude r3.bosome p rep ara tion . S evera l o th er  gonococcal 
an tigen s were used  to  compare t h e ir  r e a c t iv i t y  vriLth th a t  o f  the gonococ­
c a l  crude ribosom e.
N ineteen guinea p ig s  were s e n s i t iz e d  as d escr ib ed  w ith  c o ld  k i l l e d  
N. gonorrhoeae. G onococcal c e l l  w a l ls ,  protoplasm , crude ribosom es, 
and a SOS-308 p o o l were d i lu te d  to  the fo llo w in g  co n cen tra tio n s: 1 0 .0 ,
S.O, 1 ,0 ,  0 .5 ,  and 0 ,1 2 S u g /0 ,l  m l. O ne-tenth o f  a m i l l i l i t e r  o f  each  
d ilu t io n  was in je c te d  in tra d erm a lly . The r e a c t io n s  were observed a t  
4 hour p o st in j e c t io n  fo r  an immediate (A rthus) r ea c tio n  and a t  24 hours 
p o st in j e c t io n  fo r  th e  d elayed  h j 'p e r s e n s it iv ity  r e a c tio n , f te su its  o f  
th e se  sk in  t e s t  appear in  Table 4. Average areas o f the Arthus l e s io n s  
are recorded . A lso in c lu d ed  are photom icrographs o f  h i s t o lo g ic a l  s e c -
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t io n s  o f  an immediate (A rthu s) l e s s io n  and a d elayed  h y p e r s e n s it iv ity  
l e s s io n  (F igure 3 ) .
Skin T estin g  to  Determine Specificity o f  th e  Crude Ribosome
This s e r ie s  o f  sk in  t e s t s  was design ed  to  determ ine the s p e c i f i ­
c i t y  o f  the crude ribosome p rep ara tion . Crude ribosom es from both  
gonococci and m en ingococci, as w e ll  as gonococcal lAiole c e l l s ,  c e l l  
p a r ts , and ribosm al components were used to  sk in  t e s t  anim als s e n s i ­
t iz e d  w ith  e i th e r  TÎ, gonorrhoeae or II, m e n in g it id is .
Ten anim als were s e n s it iz e d  w ith  co ld  k i l l e d  M. gonorrhoeae and 
ten  vri-th h eat k i l l e d  M. m e n in g it id is . A ll tw enty anim als were sk in  
t e s t e d  w ith  d i lu t io n s  o f  m eningococcal and gonococcal crude ribosome 
p rep a ra tio n s. E ight aniriials in  each group were then  sk in  t e s t e d  w ith  
d ilu t io n s  o f  m eningococcal and gonococcal crude ribosom es, gonococcal 
crude ribosome p r o te in , and gonococcal protoplasm* Seven anim als were 
then  r e te s te d  w ith  m eningococcal and gonococcal crude ribosome d i lu t io n s , 
F ive anim als from each group were then slcin t e s t e d  w ith  m eningococcal 
and gonococcal whole c e l l s ,  and gonococcal crude ribosome HKA, crude 
ribosome p r o te in , and p i l i n .  R esu lts  appear in  Tables ^ -10.
In v i t r o  c o r r e la te  o f  Delayed % p e r s e n s it iv ity
MAcrophage M g r a tie n  I n h ib it io n  (MIF)
In order to  determ ine i f  the crude ribosome cou ld  be used in  an 
in  v i t r o  t e s t  o f  delayed  h y p e r s e n s it iv i ty ,  the method d escrib ed  by 
George and Vaughn (2U) and David, e t  a l .  ( l 6 ,  1 7 ) to  t e s t  fo r  macro­
phage m igration  in h ib it io n  was em ployed.
Gonococcal and m eningococcal s e n s i t iz e d  guinea p ig s  and u n s e n i t iz -
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ed gu inea p ig s  were In je c te d  in t r  ape r i  tone a l l y  v/lth 30 ml o f  s t e r i l e  
m ineral o i l .  Seventy-tw o hours la t e r  the anim als were s a c r i f ic e d ,  and 
$0 ml o f  c o ld  Hank's Balanced S a lt  S o lu tio n  (GIHCO) w ith  6 u n it s  o f  
heparin  per ml was in je c te d  in tr a p e r ito n e a lly .  The abdomen was g e n tly  
kneaded, then  opened w ith  a m ik lin e  in c is io n  through the p e r ito n e a l  
w a ll ,  and the f l u id  was removed. The f lu id  was p la ced  in  a c o ld , s t e r i l e  
sep aratory  fu n n el and th e  la y e r s  were alloi^ed to  se p a r a te . The aqueous 
phase was drawn o f f  in to  s i l ic o n iz e d  c e n tr ifu g e  tu b e s . These were cen ­
tr ifu g e d  a t  1 , OOOxg fo r  10 m inu tes. The supernatant was d iscard ed , and 
th e  c e l l s  were washed tw ice  in  Hank's cBS >ri.thout h eparin . A fter  the  
f in a l  wash th e  c e l l s  were re  suspended in  to  a f i n a l  con cen tra tion  o f  
10^ in  E a g le 's  M odified Minimal E s s e n t ia l  Medium (SMbffiM) (G ibco) irdth 
10$ f e t a l  c a l f ' s  serum (PCS). S t e r i l e  c a p i l la r y  tub es were f i l l e d  2 /3  
f u l l  w ith  the c e l l  su sp en sion  and one end was se a le d  by g e n tle  h e a tin g .  
The tubes were c e n tr ifu g e d  a t  1 , OOOxg fo r  10 m inutes. The tubes were 
cu t a t the c e ll-su p e r n a ta n t  in te r fa c e  and the fragm ents w ith  th e  p e r i ­
to n e a l exudate c e l l s  (PEG) were p laced  in  s t e r i l e  Sykes-Moore chambers 
(2 Tubes, 1 chamber; each in  t r ip h ic a t e ) .  They were se a le d  and f i l l e d  
w ith  the fo llo w in g :
C on tro l:
One th ir d  o f th e  chambers: EMMEM co n ta in in g  10$ PCS p lu s  lOOug
strep tom ycin  and 100 u n its  p e n ic i l l in /m l
p lu s  MgClg (0 .0 1  M)
Gonococcal Ribosomes:
One th ir d  o f  the chambers: EMMEM co n ta in in g  10$ PCS p lu s  lOOug
strep tom ycin  and 100 u n its  p e n ic i l l in /m l  
p lu s  MgClg (0 ,0 1  II) p lu s O.Sug gonococcal 
crude ribosom es
M eningococcal Ribosomes :
One th ir d  o f  the chambers: EIDiEIT co n ta in in g  10$ PCS p lu s lOOug
streptom ycin  and lOOug p e n ic i l l in /m l  
plus'M gClp (0 .0 1  M) p lu s 0»$ ug menin­
g ococca l crude ribosom es
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
17
The chambers were incub ated  a t  37 C fo r  2h hou rs. Areas o f  mig­
r a tio n  were determ ined by p r o je c t in g  th e  images o f  m igration  onto h igh  
q u a lity  bond paper u s in g  an Omega Photographic E n larger. The o u t lin e  
o f  the images were drawn on the paper, and th e  o u t lin e d  reg io n s were 
cu t o u t . These were th en  weighed and compared to  w ig h t s  o f  known 
areas to  determ ine th e  area o f  m igration . R esu lts  appear in  Table 12 
and F igure U.
This t e s t  was rep eated  u s in g  0 .3u g  o f  th e  gonococcal or meningococ­
c a l  crude ribosome p rep ara tion s as t e s t  a n tig e n s . R esu lts  o f  t h i s  t e s t  
appear in  Table 13 and are d isp la y ed  g r a p h ic a lly  in  F igure S*
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RESULTS
Ribosomes are p r e v a le n t in  c e l l s  th a t  are a c t iv e ly  sy n th e s iz in g  
p r o te in . C e lls  in  th e  l a t e  lo g a r ith m ic  phase o f  grovrbh should  con ta in  
a maximum number o f  r ib osom es. In order to  determ ine when gonococcal 
c e l l s  reach lo g a rith m ic  growth in  Thayer-M artin medium w ith ou t in h ib i t ­
ors a t  37 C in  candle j a r s ,  agrowth curve was prepard. The r e s u l t s  o f  
a 10 day grotrbh curve appear in  F igure 1 . Both o p t ic a l  d e n s ity  a t  550nm 
and dry w eigh ts were determ ined fo r  each 100ml sample used . The r e s u l t s  
in d ic a te d  th e  gonococcal c e l l s  su ffe r e d  a la g  phase o f  about U days, 
fo llovjed  by a lo g a rith m ic  growth phase o f  about more days. The c e l l s  
were in  l a t e  lo g a rith m ic  phase growth a t  7 days a f t e r  the medium was in ­
ocu la ted  w ith  !J. gonorrhoeae c e l l s .
A ll c u ltu r e s  from which ribosom es were i s o la t e d  were harvested  
a f t e r  7 days o f in cu b a tio n  a t  37 0 in  candle j a r s .
Sucrose d e n s ity  g ra d ien t c e n tr ifu g a t io n  o f  
crude ribosom e preparation
To determ ine th e  c o n s t itu e n ts  o f  th e  crude ribosome preparation  
a crude ribosome p rep ara tion  was la y ered  on a 10 - 30% continuous su crose  
d e n s ity  grad ien t and c e n tr ifu g e d  a t  8 l,0 0 0 x g  fo r  8 .^  hours. R esu lts  ap­
pear in  F igure 2a. The r e s u l t s  in d ic a te d  th e  crude ribosome prepara­
t io n  had an abundance o f  70S ribosom es w ith  some d is s o c ia t io n  o f  r ib o ­
somes in to  $0S and 3OS su b u n its . The sm all peaks in  the 0-$m l reg io n  
r ep resen ts  m acrom olecular c e l lu la r  d e b r is . The sm all peak in  the 30ml
reg ion  rep resen ts  sm a ller  m o lecu les  o f  c e l l  d e b r is . T h is graph in  to to
18
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Figure 1 , Growth curve o f  N. gonorrhoeae grown in  Thayer-Martin medium 
w ithout in h ib ito r s , 100 ml sam ites were grown a t  37*^ in  candle ja r s .  One sam­
p le  was removed d a i ly .  O ptica l d e n s ity  was read a t  550nm and dry w eights deter­
mined by cen tr ifu g in g  th e  sample and drying th e  p e l le t  overnight a t  80 G,
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i*epresents a  crude ribosom e p rep ara tion .
I s o la t io n  o f  50S and 3OS ribosom al su b u n its
Crude ribosom es were i s o la t e d  from N. gonorrhoeae. These were 
suspended in  ^OS b u ffe r  w hich, due to  th e  d ecreased  magnesium io n  con­
c e n tr a t io n , caused th e  in t a c t  ribosom es to  d is s o c ia t e  in to  $03 and 30S 
su b u n its . This p rep aration  \;as la y ered  on a 10-30/a continuous sucrose  
d e n s ity  g r a d ien t, c e n tr ifu g e d , and fr a c t io n a te d . The r e s u lt s  o f  a ty p ­
i c a l  i s o la t io n  procedure appear in  Figure 2 i .  F raction s c o l le c t e d  in  
the shaded reg io n s were combined to  form the ^OS poo l and th e  306 p o o l.
The lo c a t io n  o f  the 50S and 3OS peaks oon^ares favorab ly  w ith  data  
presen ted  by Baker, e t  a l , ( 2 ) ,  fo r  the i s o la t io n  o f  ribosom al sbbunits  
o f  M. b o v is  (BGG). The la r g e  area under the "308" reg io n  in d ic a ted  
th ere  was co n sid era b le  contam ination  o f  the 303 su b u n its , p o s s ib ly  by 
decojiroosed 50S p a r t i c l e s .  The 260/2d0nm r a t io  was 2 .0  fo r  t h i s  p re­
p a ra tio n . S in ce  the p rep aration  f a i l e d  to  d isp la y  g rea ter  a c t iv i t y  
than th e  crude ribosom es, fu r th e r  p u r if ic a t io n  was c u r ta i le d . The "$06" 
and "303" p rep aration s are h e r e a fte r  p laced  in  quotes to  in d ic a te  the  
prep aration s were n ot p u r if ie d .
The method employed to  i s o l a t e  su b iu iits was th e  same as th a t d e s­
cr ib ed  by H il l ,  e t  a l .  ( 2 9 ) ,  e x ce p t th a t  a 0 .001  M magnesium io n  con­
c e n tr a tio n  vjas used  to  i s o l a t e  th e  su b u n its . This con cen tra tion  i s  2 .$  
tim es th a t  used in  th e  standard i s o la t io n  o f  E sch er ich ia  c o l i  ribosom al 
su b u n its .
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Figure 2b, Iso la tion  of ”50S” and "30S" ribosomal fractions from H. gonorrhoeae on 10-30.3 sucrose density  
gradient. Crude ribosome preparation centrifuged at SljOOOxg for  8 ,5  hours in  503 buffer a t 4 C, Ihe 
adsorbance was measured at 260nm, Shaded areas represent combined fraction s to  form 503 and 30S pools.
C/)
C/)
8
( O '
0.6 n
3.
3 "
CD
CD■D
OQ.
C
ao3
"Oo
CDQ.
■D
CD
C/)
C/)
0 .5  -
0 .4  "
I
I
I
0 .3
0,2  -
0.1
0  -
«503"
"303"
15 20 25
V0LUÏÎE (ml)
23
Delayed h y p e r s e n s it iv i ty  r e a c tio n s  provoked by gonococcal crude 
ribosom es and whole c e l l s
Groups o f  guinea p ig s  were s e n s i t iz e d  w ith  whole c e l l s  o f  N« gonor­
rhoeae, N. m e n in g it id is , and N. la c ta m icu s , H» f la v e s c e n s , and a 
K oraxella  s p e c ie s .  These were used  to  determ ine i f  crude ribosom es 
from N. gonorrhoeae cou ld  provoke a d elayed  h y p ersen s iti^ /ity  r e a c tio n ,  
and whether the crude ribosom es p o sse ssed  th e  s p e c i f i c i t y  n ecessary  to  
be u s e fu l  as a sk in  t e s t  a n tig e n . Al.so, two methods o f  Ic ill in g  the  
gonococcal c e l l s  were employed t o  determ ine which method produced the  
b e s t  s e n s i t iz a t io n .
The an im al's immunity was b oosted  wi.th th e  appropriate c e l l s  in  
IFA u n t i l  sk in  t e s t in g  vrith 20ug o f  homologous organism s produced a  
p o s it iv e  delayed  h y p e r s e n s it iv i ty  l e s io n .  The anim als were then sk in  
t e s t e d  w ith  t i t r a t io n s  o f  w hole gonococcal c e l l s  and gonococcal crude 
ribosom es. The r e s u l t s ,  recorded  in  Table 1 , showed a marked d if fe r e n c e  
in  the volumes o f  l e s io n s  provoked by crude ribosom es in  anim als sen s itd z  - 
ed w ith  homologous organism s when compared to  th o se  anim als s e n s i t iz e d  
w ith  h etero logou s organism s. S a lin e  and wash b u ffe r  produced no d e t e c t -  
ib le  r e a c tio n s  in  auçf anim al.
The ribosom es were about 10 tim es as p o te n t , based on sk in  t e s t  dose  
50*s, than th e  whole c e l l s  when used, as sk in  t e s t  a n tig e n s . The s im ila r  
r e s u lt s  u s in g  co ld  k i l l e d  and h ea t k i l l e d  gonococci to  s e n s i t i z e  th e  an­
im als showed both methods to  produce s a t i s f a c t o r y  s e n s i t iz a t io n .  Based  
on th ese  r e s u l t s ,  crude ribosom es show th e  s p e c i f i c i t y  n ecessary  to  d i f ­
f e r e n t ia te  anim als s e n s i t i z e d  trith  c lo s e ly  r e la te d  organism s.
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Table 1 . Delayed hj'persensitivit;/ reactions*'  ̂ e lic ite d  in  guinea pigs sensitized  with cold 
k ille d  N. gonorrhoeae. heat k illed  gonorrhoeae. heat k illed  M. m eningitidis, and heat IdLUed 
N, lactaricn s. M. flavescens. and a Iloraxella species and skin tested  vdth gonococcal crude ribosomes 
and whole c e l ls .
CD
8
3.
3 "
CD
CD-o
OQ.C
go
3
"Oo
CDQ.
CD
C/)
C/)
STDm (ug) Sensitizing antigen; Skin te s t  antigens; Amoimt of antigen nrovoldng reaction (ug);
Heat k illed 10.0 5.0 1.0 0.5 0.25
3.00 ÏÏ. gonorrhoeae VAiole c e lls 3/4 1/4 0/4 0 /4
0.34
Cold k illed
Crude.ribosomes 4/4 4/4 4/4 4/4 1/4
4.53 I'!, gonorrhoeae VJhole c e lls 4/4 2/4 2/4 1/4 0/4
0.31
Heat k illed
Crude ribosomes 4/4 4/4 3/4 3/4 2/4
5.00 N. meningitidis V/hole c e lls 4/4 2/4 0/4 0/4 0 /4
3.68
Heat k illed  
N. lactamicus. 
ÎÎ. flavescens.
Crude ribosomes 3/4 3/4 1/4 0/4 0 /4
- & i joraxella sp. «Jhole c e lls 2/4 2/4 3/4 0/4 0/4
1.92 Crude ribosomes 4/4 3/4 2/4 0/4 0/4
*  24 hour reaction greater than 10 x  10 x  0 .4  nun (15 nmP)
** Numerator -  no. of animals p o sitiv e . Denominator -  no. of animals tested
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D elayed h y p e r s e n s it iv ity  r e a c tio n s  provoked by ponococcal crude 
ribosom es, "SOS", and 303" ribosom al fr a c t io n s
S in ce  th e  crude ribosom e p rep aration  iras found to  be both s p e c i f ­
i c  and s e n s i t iv e  enour^h to  be u s e fu l  as a sk in  t e s t  a n tig en , th e  n ext
s te p  was to  determ ine i f  ribosom al su b u n its  irere capable o f  producing  
the same, or  b e t t e r ,  r e s u l t s .
R esu lts  o f  slcin t e s t in g  gonococcal s e n s i t iv e  guinea p ig s  th ree  
months a f t e r  the f i n a l  s e n s it iz e n g  in j e c t io n  w ith  co ld  k i l l e d  gonococci 
are recorded in  Table 2 . The r e s u l t s  in d ic a te d  th e  anim als had l o s t  
th e ir  s e n s i t i v i t y .  Four o f  the s i x  anl-mals t e s t e d  f a i le d  to  g iv e  a p o s­
i t i v e  resp onse to  any o f  the a n t ig e n s . The guinea p ig s  apparently had 
l o s t  th e ir  s e n s i t i v i t y  in  a r e la t iv e ly  sh o r t p er iod  o f  tjjtne.
These anim als were th en  in je c te d  w ith  200ug o f  gonococcal whole c e l l s
in  IFA and sk in  t e s t e d  one ireek l a t e r .  R esu lts o f  t h i s  t e s t  appear in  
Table 3 . The b o o ster  in j e c t io n  stim u la ted  an anam nestic response and 
subsequent r e t ’.rn o f  sk in  t e s t  r e a c t iv i t y  in  th e  anim als.
The r e s u l t s  showed th a t  the ribosom al subu nit fr a c t io n s  are l e s s  
p oten t as sk in  t e s t  a n tig e n s  than i s  the crude ribosome p reparation .
Of the two f r a c t io n s ,  th e  '•3OS" fr a c t io n  seems to  be a b e tte r  antigen  
than does th e  "SOS" f r a c t io n .  Sucrose produced no d e te c t ib le  r e a c tio n s  
in  any anim al.
Immediate and delayed  h y p e r s e n s it iv i ty  r e a c t io n s  provoked by gonococcal 
crude ribosom es, ribosom al su b u n it f r a c t io n s ,  protoplasm , and c e l l  walls^
Workers in  th e  area o f  d iagn osin g  gonorrhea have reported  on the  
use o f  a v a r ie ty  o f c e l lu la r  a n t ig e n s . These f a l l  in to  two maxn c la s s e s .
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Table 2 . Delayed hypersen sitiv ity  reactions* e lic ite d  in  guinea pigs three months a fter  
f in a l se n s it iz in g  in jec tio n  with cold k ille d  N. gonorrhoeae and skin tested  with gonococcal crude 
riboscrr.es, "503" fraction , "303" fraction , and sucrose.
3 "
i -S.TD̂ O (ug) Antigens used to skin te s t ; Amount o f antigen orovoking a delaved reaction (ug):
3
CD 10.0 5.0 1 .0 0 .5  _ _ 0.25
" n
3 -
3 "
CD 1 Crude ribosomes 2/6** 2/6 1/6 0/6 0 /6
CD
■D
O
C
Q .
o'
3
« 5 0 S » i fraction 2 / 6 2/6 2 / 6 0/6 0/6
■D
O
CD
Q .
$
- "303" fraction 2/6 1/6 1/6 0/6 0/6
1—H
3 "
"O
CD
3 - Sucrose 0/6 o/6 0/6 0/6 0/6
C/)
w
3
* 2k hour reaction greater than 10 x  10 x 0 .4  ram (15 ram )
Numerator -  no, o f animals p o s itiv e . Denominator -  no. o f animals tested
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Table 3* Delayed hypersensitivity reactions*''- e lic ite d  in  guinea pigs given one boosting 
in jection  o f cold k illed  M. gonorrhoeae three months after the fin a l original sensitizing in jection  
and skin testing  vdth gonococcal crude ribosomes, $0S subunits, 30S subunits, and sucrose one week 
after  boosting.
CD
8
CD
3.
3 "
CD
CD■D
OQ.C
ao
3
■D
O
CDQ.
■D
CD
C/)
C/)
STD̂ q (ug) Antigens used to skin te st; Amount o f antigen provoking a delayed reaction (ug);
10.0 5.0 I'.O 0.5 0.25
0.38 Crude ribosomes 6/6*'̂ '̂ 6/6 6/6 4/6 2/6
0,83 50S subunits 6/6 5/6 4/6 1/6 0/6
0.68 308 subunits 6/6 6/6 5/6 2/6 0/6
■ - Sucrose 0/6 0/6 0/6 0/6 0/6
24 hour reaction greater than 10 x  10 x 0 ,4  mm (15 mm̂ )
WuiTie*rator -  no, o f animals p o s it iv e . Denominator -  no, o f animals te s te d
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th o se  i s o la t e d  from c e l lu la r  protoplasm , and th ose  i s o la t e d  from c e l l  
w a l ls .  The d e l v e d  h y p e r s e n s it iv ity  r e a c tio n s  provoked by p rep aration  
o f  gonococcal protoplasm  and c e l l  w a lls  were compared to  th ose  provoked  
by gonococcal cru.de ribosom es and $08-303 su b u n it p o o l. R eactions were 
observed a t  I4. hours a f t e r  a n tig en  in j e c t io n  to  determ ine i f  an Immediate 
(A rthus) r e a c t io n  was e l i c i t e d  as w e ll  as the 2l|. hour delaj^’ed hypersen­
s i t i v i t y  r e a c tio n ,
R e su lts  o f  th e se  t e s t s  appear in  Table The r e s u l t s  shovred th a t  
an immediate r e a c tio n  does occu r, in d ic a t in g  a humoral response to  th e  
a n tig e n s , and th a t  t h i s  response c o r r e la te s  w e l l  lolth  th e  delayed  r ea c ­
t io n .  Crude ribosom es aga in  showed the g r e a te s t  p otency , w h ile  c e l l  
w a lls  and protoplasm  gave r e la t iv e ly  eeak r e a c t io n s . The $03-303 sub­
u n its  showed decreased  a c t iv i t y  compared to  the crude ribosome prepara­
t io n ,  I t  should  be noted  th a t  w h ile  th e  iiTimediate r e a c tio n s  occurreld 
v/ith  a l l  a n tig en s a t  th e  lo w e st  ( 0 , 2$ug) d i lu t io n ,  no attem pt was made 
to  d e fin e  a p o s i t iv e  Arthus r e a c t io n . The delayed  rea c tio n s  a ls o  occurred  
a t very low co n cen tra tio n s o f  a n tig e n , b u t th e se  were not great enough 
to  be con sid ered  p o s i t iv e  (l$mm ) .
H is to r o lo g ic a l s e c t io n s  o f  th e  immediate and delayed  le s io n s  ap­
pear in  F igure 2 , The sk in  s i t e  was e x c ise d  it hours and 2it hours a f t e r  
an tigen  in j e c t io n ,  f ix e d ,  p ro cessed  fo r  h i s t o lo g ic a l  pi’e p a ra tio n , and 
p a r a ff in  s e c t io n s  were made.
The Ar'ohus r e a c t io n , w hich i s  maximal 3 t o  $ hours a f t e r  in j e c t io n ,  
in  ch a ra cter ized  by i n f i l t r a t i o n  o f  polym orphonuclear c e l l s  (PM'i's) in  
and around the dermal b lood  v e s s e l s .  V ascular damage a llow s ery th ro ­
c y te s  and serum to  escap e in to  th e  t i s s u e ,  ca u sin g  erythema and edema 
a t  th e  in j e c t io n  s i t e .
The delayed h y p e r s e n s it iv i ty  l e s io n  a r is e s  l a t e r ,  being maximal
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Table 4» Immediate^ and delayed hypersensitivity reactions* e lic ite d  in  guinea pigs sm sitized  
iidth ÎL /ronorrhoeae and skin tested ivith gonococcal crude ribosomes, c e l l  w alls, protoplasm, and 
50S-30S ribosomal pool.
3 "
CD
8 STDcn (ug) Antigen used to skin te st: Amount o f antigen orovoking the reactions (ug);
c5- 10.0 5.0 1 .0 0 .5 0.25
3 "
i Crude ribosomes<
3 Immediate 233. 8^ 146.3 80.9 54.7 41.4
"n
c
0.32 D^ayed 19/ 19** 19/19 19/19 17/19 7/19
3 "
CD
Cell walls
"O
3 Immediate 76.0 60.8 56.2 19.0 10.9
Q .
Ca
0
a. 20 Delayed 13/19 7/19 0/19 0/19 0/19
3
■D0
3 "
Protoplasm
Er Immediate 112.3 59.2 43.5 3.6 1.2
CD
Q .
$ 1—H
7.50 Delayed 12/19 7/19 2/19 0/19 0/19
3 "
0
C_
"O 5OS-3OS pool
CD3 Immediate 148.7 62.4 59.2 23.0 41.43(/)'
C/)o'
3
0.98 Delayed 13/19 13/19 10/19 4/19 0/19
t Reaction measured at 4 hours after antigen injection  fArthus reaction), t f  Area in  nml. 
* 24 hour reaction greater than 10 x 10 x  0 .4  mm (15 mnr)
Numerator -  no. of p o sitiv es . Denominator -  no. of animals tested
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Figure 3* Four and twenty-four hour skin reactions to  gono­
coccal crude ribosomes in  N. Ronorrhoeae se n s itiz ed  guinea p ig s .
C and D a re  from th e  same l e s io n .
A. Normal sk in ; n o m a l t i s s u e  (x280)
B. Four hour im m ediate (A rthus) r e a c tio n  provoked by gonococcal 
crude ribosom es showing th ic k e n in g  o f  v a sc u la r  endothelium  in  
upper dermis (x280)
C. Tw enty-four hour d e layed  h y p e r s e n s it iv i ty  r e a c tio n  provoked by  
gonococcal crude ribosom es showing mononuclear c e l l  in v a s io n  o f  
upper d e m is  (x 280)
D. Twenty-four hour d e layed  h y p e r s e n s it iv ity  r ea c tio n  provoked by 
gonococcal crude ribosom es showing mononuclear c e l l  in v a s io n  o f  
deep dermis (x 280)
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a t  2h t o  I4.8 hours a f t e r  a n tig en  in j e c t io n .  There la  a more p e r s is t e n t  
and in te n se  i n f i l t r a t i o n  o f  c e l l s  than in  th e  Arthus r e a c tio n . The 
c e l l s  are g e n e r a lly  mononuclear ( lym phocytes and h is tio c ^ r te s ) c e l l s .
The r e a c t io n  la c k s  th e  gen era l n e c r o s is ,  RU! in f i l t r a t io n  and hemmorage 
p resen t in  th e  immediate r e a c t io n .
Based on th e  h i s t o lo g ic a l  s e c t io n s  taken from U and 2h hour le s io n s  
th e  r e a c tio n s  observed vjere indeed  immediate (A rthus) and delayed  hj'per- 
s e n s i t i v i t y  resp o n ses .
Delayed h y p e r s e n s it iv ity  r e a c tio n s  provoked by gonococcal Trrtiole c e l l s . 
protoplasm , p i l i n ,  crude ribosom es, crude ribosom al p r o te in , crude r ib o ­
somal RMA, and m eningococcal whole c e l l s  and, crude ribosom es in  anim als 
s e n s it iz e d  m th  IT. gonorrhoeae and B. m e n in g it id is
M. m e n in g it id is  has been shown, u s in g  DMA recom bination s tu d ie s  
( 3 6 ), to  be very  c lo s e ly  r e la te d  to  N. gonorrhoeae. A lso , M. mening­
i t i d i s  occurs en d em ica lly  and cou ld  c r o ss  r e a c t  in  ary t e s t s  designed  
to  demonstrate gonorrhea. For th e se  reason s guinea p ig s  were s e n s it iz e d  
w ith  gonococci and m eningococci and sk in  t e s t e d  w ith  variou s an tigen s  
to  determine t h e ir  s p e c i f i c i t y .
Table $ d is p la y s  th e  r e s u l t s  o f  sk in  t e s t in g  gonococcal s e n s i t iv e  
anim als wdth gonococcal and m eningococcal crude ribosom es. Table 6 
shows the r e s u l t s  o f  sk in  t e s t in g  m eningococcal s e n s it iv e  anim als w ith  
gonococcal and m eningococcal crude ribosom es.
As in  the f i r s t  s e r ie s  o f  sk in  t e s t s ,  the gonococcal crude, r ib o ­
somes showed e x c e l le n t  s p e c i f i c i t y  due to  th e ir  s e n s i t i v i t y .  The men­
in g o co cca l crude ribosom es shotTed s im ila r  s p e c i f i c i t y  and s e n s i t i v i t y  
in  anim als s e n s it iz e d  w ith  homologous organism s. The sk in  t e s t  dose
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‘htW-tï 5* Delayed byjP '«r«oiudtivlty raw itiom a « a ïo ltM  l a  guinea id g s a ^ u tl t ia c d  with 
N# Æ'.imrBhofAa and a k ia  t e s t e d  w ith  gqasooooal and uanlitggpoGeal oroda id-tosomes
SïDiîO l v : A .  MAOd t o  «kS.» tiüA i fmuvnt o f .K A lg m  nrovuklnoi th e  reLuitloa fu r l
30 .0 _ 5-0 1 ,0 0 .5 0 .25 0.125
0 .34 OouootKkoal onu le liboBoaaa lo A o * *  lo A o lo A o lo A o 2A 0 O/JO
0.25 n — 8/8 8 /8 8/8 4 /8 0/8
0 .29 n — 7/7 7/7 6 /7 3 /7 0/7
4.60 Meningoooooal crUide rlb o ecaes aA o 6/10 oA o 0/U) o A o —
2 .6 0 * — 4/8 1/8 o A 0/8 0/8
4.53 N — 6 /7 2 /7 0 /7 0 /7 0 /7
Table 6 .  Delayiad fay^kuracnsitlvity r e a c t i o n ^  a l le l te d  i n  guinea ptge oenadtixed v l ih  
N. k s n in g ltld ia  and e td n  ta s te d  v i t i i  gonococcal and aacdagococcal crude rib o aeaes.
STD*ï> (nal Anti»! ana uatd  t o  eliln  te a t : Amount o f  an tig en  provoldng th e  re a c tio n
10 .0 5 .0  __ 1 ,0  _ 0 .5 0 .25 0.125
3.36 Gonococcal crude rlboaociaa 6A (b* 6/10 2/10 oA o oA o o /io
2.60 n
-r 5/8 3 /8 1/8 0 /8 0 /8
1.96 n — 6 /7 3 /7 0 /7 0 /7 0 /7
0.43 Meningococcal crude rlboaotaea lo A o lo A o 8A d aA o oA o 0/10
0.32 m 7/7 7/7 5/7 3 /7 0 /7
* 24 luMur M ention g ro a t t f  than 10 x  10 x  0 .4  ■» (15 wa?)
* *  RuwAr&tor -  no. e>f anliaals p o a ltlv a . Demsudnator -  no. o f 
^  'ftiis d ilu tio n  not taa ted
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5 0 *s showed th a t  the r e s u l t s  were c o n s is te n t  ü*om t e s t  t o  t e s t  and th a t  
th e  crude ribosom es Tære from 6 to  12 tim es as p o ten t in  anim als s e n s i ­
t i z e d  homologous organism s than in  anim als s e n s i t iz e d  w ith  h etero logou s  
organism s. Due to  th e  d i f f i c u l t y  o f  i s o la t in g  m eningococcal ribosom es, 
m eningococcal r ibosm àl su b u n its cou ld  n ot be prepared fo r  use as sk in  
t e s t  a n tig e n s . T ables 7 and 8 d isp la y  th e  r e s u lt s  o f  sk in  t e s t in g  in  
anijnals s e n s i t iz e d  ’.rLth e it h e r  M. m en in g it id is  or H. gonorrhoeae u sin g  
two p rep aration s o f  r ibosm al p r o te in  and two prep aration s o f  ribosm al 
RNA. In a l l  c a se s  th e  p r o te in  and RIÎA e l i c t e d  stro n g er  r ea c tio n s  in  th e  
gonococcal s e n s i t iv e  anim als than in  the m eningococcal s e n s it iv e  guinea  
p ig s .  The sk in  t e s t  dose $0*s showed the p rep aration s t o  be l e s s  than  
o n e-ten th  as p o ten t as th e  crude ribosome p rep a ra tio n s. The p ro te in  
p rep aration s were s l i g h t l y  more r e a c t iv e  than the îîîIA p rep ara tion s.
I f  e i th e r  crude ribosom al p r o te in  or RPA i s  r esp o n s ib le  fo r  the im- 
m unogenicity o f  the crude ribosome p rep ara tion , th e  immunogenicity i s  
l o s t  when the fr a c t io n s  are sep ara ted .
Table 9 p resen ts  th e  r e s u l t s  o f  sk in  t e s t in g  w ith  gonococcal whole 
c e l l s ,  protoplasm , p i l i n ,  and m eningococcal whole c e l l s  u s in g  gonococcal 
s e n s it iz e d  guinea p ig s .  Table 10 p resen ts  r e s u l t s  o f  slcin t e s t in g  v/it-h 
the same an tigen s u s in g  m eningococcal s e n s i t iv e  an im als. The r e s u lt s  
shot’T th a t  none o f  th e se  f r a c t io n s  are as s e n s i t iv e  or s p e c i f ic  as the  
crude ribosome p rep a ra tio n . P i l in  d isp la y ed  g rea ter  potency than any 
o f  the o th er  an tigen s d isp la y ed  in  th ese  t a b le s ,  but i t  was s t i l l  l e s s  
s e n s it iv e  and n o t as s p e c i f i c  as the crude ribosome p rep aration .
Table 11 i s  a summary ta b le  shovring a l l  r e s u lt s  o f  sk in  t e s t in g  
in  gonococcal and m eningococcal s e n s i t iv e  anim als w ith  gonococcal and 
m eningococcal crude r ib osom es. T his ta b le  shows the c o n s is te n c y  of 
the crude ribosome sk in  t e s t s .  The m eningococcal crude ribosom es ap-
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Table 7. Delayed h y p ersen s itiv ity  reactions* e lic i te d  in  guinea pigs sensitized  with 
N. gonorrhoeae and sk in  tes ted  with two preparations of gonococcal crude ribosome p ro te in  
and two preparations o f crude ribosome RNA.
STD ĵj (ug) Antigens used to  skin t e s t : Amount of antigen provoking the  reaction (ug);
10.0 5.0 1.0 0.5 0.25 0.123
3.48
Gonococcal crude riliosome pro tein  
(preparation !f X) _t 5/ 8Ü-* 2/8 0/8 0/8 0/8
3.92
Gonococcal crude ribosome protein  
(preparation 7 2 ) 5/5 3/5 1/5 0/5 0/5 ——
>3.0
Gonococcal crude ribosome RNA 
(preparation 1) 2/5 0/5 0/5 0/5 0/5
-
Gonococcal crude ribosome RNA 
(preparation ,'f 2) 0/2 0/2 0/2 0/2 0/2
Table d . Delayed h y p ersen sitiv ity  reactions* e lic i te d  in  guinea pigs sensitized  with 
W. m eningitidis and skin te s te d  with two preparations of gonococcal crude ribosome p ro te in  
and two preparations of crude ribosome RNA.
STD<n (ur.) Antigens used to  skin t e s t : Amount o f antigen provoking the  reaction (ug):
10.0 5.0 1 .0 0 .5 0 .23 0.123
-
Gonococcal crude ribosome pro tein  
(preparation 1) __T 0/8:H^ 0/8 0 /8 0/8 0/8
-
Gonococcal crude ribosome pro tein  
(preparation !f 2 ) 1/5 0/5 0 /5 0/5 0/5 —
t _
Gonococcal crude ribosome RNA 
(preparation  # 1 ) 0 /5 0/5 0 /5 0/5 0/5 ---
-
Gonococcal crude ribosome RNA 
(preparation // 2 ) 0/1 0 /1 0 /1 0/1 oA ——
24 hour reaction  g rea te r than 10 x  10 x 0 .4  mm (ISsmP)
Numerator -  no. o f animals p o s itiv e . Denominator -  no. of animals te s ted  
f  This d ilu tio n  not te s ted
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Table 9 . Delayed h y p ersen s itiv ity  reactions* e lic i te d  in  guinea pigs sen sitized  with 
fy>rx>rri?£Sft.9 skin te s te d  with gonococcal udiole c e l l s ,  protoplasm, and p i l in ,  and 
m^iingococcai whole c e l ls .
3TDc.n (uR Antigens used to  skin te s t : Amount of antigen provoking the  reaction  (ug):
10.0 5.0 ....1 , 0 . 0.5 . 0.23 0.125
6.60 Gonococcal idiole c e lls 4/5** 2/5 0 /5 0/5 0/5 —  i
>5.00 Gonococcal protoplasm — 3 /8 0/8 0 /8 0/8 0/8
0.83 Gonococcal p i l in — 5/5 3/5 1/5 0/5 0/5
8.50 Meningococcal «diole c e lls 3/5 1/5 0 /5 0/5 0/5 —
Table 10. Delayed h y p ersen s itiv ity  reactions* e lic i te d  in  guinea pigs sensitized  with 
m eningitidis and skin  tes ted  with gonococcal whole c e l l s ,  protoplasm, and p i l in ,  and 
meningococcal whole c e l ls .
3TDçrt(«fi) Antigens used to  slcin te s t : Amount o f antigen provoking the  reaction (ug):
10.0 5.0 1.0 0 .5 0.25 0.125
>10.0 Gonococcal whole c e lls 2/ 5** 2/5 0/5 0/5 0/5 — f
- Gonococcal protoplasm — 1/8 0 /8 0/8 0/8 0 /8
1.64 Gonococcal p i l in — 5/5 2/5 0/5 0/5 0/5
7.50 Meningococcal whole c e lls k h 1/5 1/5 0/5 0/5 —
*
{Hi-
t
24 hour reaction  g re a te r  than  10 x  10 x 0 .4  mm (15 nm3) 
Numerator -  no. o f  animals p o s itiv e . Denominator -  no. of 
This d ilu tio n  not te s te d
animals tested
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Table 11. Svamary o f delayed h y p e r se is it iv ity  reactions* e lic it e d  in  guinea pigs sen sitized  with 
II. gonorrhoeae and ren in g itid ie  and sldn tested  with gonococcal and meningococcal crude ribosomes.
CD
8
( O '3"Ï
3
CD
3.
3"
CD
CD■D
OQ.C
g.o
3
■D
O
CDQ.
"O
CD
C/)(/)
Gonococcal s e n s it iv e  guinea pigs
-j
* 2U hour reaction greater than 10 x  10 x  0 .4  mm (15
îJlunerator -  no. o f animals p o s it iv e . Denominator -  no. of animals tested  
a Gonococcal crude ribosomes 
b Keningococcal crude ribosomes 
f- This d ilu tion  not tested
S®5Ci
.......
ST Anti£«i: Amount of anti gen provoking reaction (ug): STDcq ST Antigen: Amount o f antigen provoking reaction (ug):
(hg) 10.0 5.0 1.0 0 .5 0.25 0.125 . («g; 10.0 5.0 1.0 0 .5 0.25 0.125
0.32 G.:.C.R.® 19/19** 19/19 19/19 17/19 7/19 __ f
0.34 m r m 3 10/10 10/10 10/10 10/10 2/10 0/10 3.36 G.C.C.R. 6/10 6/10 2/10 0/10 0/10 O/lO
0.25 G#C#C#R# — 8/e 8/8 8/8 4/8 0 /8 2.60 G.C.C.R. 5/8 3/8 1 /8 0/8 0/8
0.29 G.C.G.R. — 7/7 7/7 6/7 3/7 0 /7 1.96 G.C.C.R — 6/7 3/7 0 /7 0 /7 0 /7
0.34 G.C.C.R. 4 /4 4/4 4/4 4/4 1/4 —
0.31 G.V.C.R. 4 /4 4/4 3/4 3 /4 2/4 — 3.68 G.C.C.R. 3 /4 3/4 1/4 0 /4 0 /4 —
4.60  ̂ p b e/10 6/10 0/10 o /io 0/10 0/10 0.43 H.C.R. 10/10 10/10 8/10 8/10 0/10 o /io
4.53 k’.G.R. — 4/8 1/8 0/8 0/8 0/8
2.60 ” .C.R. — 6/7 2/7 0 /7 0/7 0 /7 0.32 M.C.R. — 7/7 7/7 5/7 3 /7 0 /7
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peared to  p o s se s s  th e  same s e n s i t i v i t y  and s p e c i f i c i t y  in  anim als sen ­
s i t i z e d  w ith  homologous organism s as d id  the gonococcal crude ribosom es. 
The crude ribosome p rep aration  p o sse ssed  the s e n s i t i v i t y  and the s p e c i ­
f i c i t y ,  based on th e  p r e p a r a tio n 's  s e n s i t i v i t y ,  n ecessary  fo r  a d ia g ­
n o s t ic  t e s t  in  the guinea p ig  system»
In v i t r o  c o r r e la te  o f  d e layed  h y p e r s e n s it iv ity ;  The macrophage m igra­
t io n  in h ib it io n  t e s t
To determ ine i f  th e  crude ribosome p rep aration  could  be used in  
v i t r o  dem onstration o f  d elayed  h y p e r s e n s it iv ity ,  the macrophage m igra­
t io n  in h ib it io n  t e s t  was perform ed. P er ito n ea l exudate c e l l s  (PEC’s )  
were taken from g o n o c o c c a l- s e n s it iv e , m en in g o co cca l-sen sitiv e  and non­
s e n s it iz e d  guinea n ig s .  These i r̂ere incubated  in  t r ip l i c a t e  in  E a g le 's  
M odified IJiniraal E s s e n t ia l  Medium (G ibco) vjith e ith e r  gonococcal crude 
ribosom es, m eningococcal crude ribosom es, or i-iithout an tigen . The r e ­
s u l t s  o f  t h i s  t e s t  appear in  Table 12 and are d isp layed  g r a p h ica lly  in  
Figure U.
R esu lts  showed th e  gonococcal crude ribosom es caused an 0$% i n ­
h ib it io n  o f  macrophage m igra tion  in  th e  g o n o c o c c a l-se n s it iz e d  PEC's 
compared to  n o n -s e n s it iz e d  and m en in g o c o cc a l-sen sitiz ed  PEC's. The 
m eningococcal crude ribosom es shoi^ed a 60"' in h ib it io n  o f  macrophage 
m igration  in  m eningococcal s e n s i t iv e  PEC's compared to  n o n -se n s it iz e d  
P'CC's, w h ile  in h ib it in g  th e  gonococcal s e n s i t iv e  PEC's l e s s  than ll^P.
The ribosom es were t o x ic  to  normal PEC's a t  t h is  co n cen tra tio n . 
R esu lts o f  Johnson and B ig le y  (p erson a l communication) have shotm th a t  
ribosom es from S trep to co ccu s pyogenes and Salm onella  typhimurium are  
h ig h ly  to x ic  fo r  both s e n s i t iz e d  and n o n -s e n s it iz e d  PEC's. The gonococcal
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Table 12. Comparison of macrophage migration in h ib itio n  o f normal, W» gonorrhoeae, and 
11» ffisoinsitid is se n s it ise d  peritoneal exudate c e l l s  cultured in  the absence o f  antigen or in  
the presm ee of e ither gonococcal or meningococcal crude ribosomes#
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and m enigococcal crude ribosom es appeared to  be a g rea t d ea l more to x ­
i c  fo r  n o n -se n s ite z e d  PEC's than fo r  s e n s it iz e d  PEC's, a llo ifin ti t h i s  
t e s t  to  be u s e fu l  as an in  v i t r o  t e s t  fo r  delayed  l^ r p e r se n s it iv ity  in  
guinea p ig s  s e n s it iz e d  to  gonococci and m eningococci.
The macrophage m ingration  in h ib it io n  t e s t  was repeated  u sin g  0 .3u g  
o f  gonococcal or m eningococcal crude ribosom es as t e s t  a n tig e n s . R esu lts  
appear in  Table 13 and F igure S. The decreased  ribosome con cen tra tion  
dim inished th e  t o x i c i t y  o f  th e  p rep aration  d r a s t ic a l ly .  Normal PEC's 
irD.gration was in h ib ite d  by on ly  3 “Ap  by the crude ribosome p rep aration s.
At t h i s  co n cen tra tio n  the ribosome p rep aration s s p e c i f i c a l ly  in h ib ­
i t e d  macrophage m igration  when th e  PEC's were from animals s e n s it iz e d  
w ith  homologous organism s. The gonococcal crude ribosomes in h ib ite d  
macrophage m igration  by g r ea ter  than 90,' in  th e  homologous system  w h ile  
cro ss  r e a c tin g  w ith  meningococcaJ. s e n s i t iz e d  c e l l s  only s l i g h t l y ,  in h ib ­
i t in g  t h e ir  m igration  by l e s s  than 1$^. The m eningococcal crude ribosom es 
in h ib ite d  m igration  by g r ea ter  than 30;  ̂ in  the homologous system . Gross 
r ea c tin g  in h ib it io n  o f  c e l l s  s e n s i t iz e d  w ith  gonococci was around 30;»«
These r e s u l t s  confirm  th e  s u i t a b i l i t y  o f  the gonococcal crude r ib o ­
some p reparation  as a n tig en  fo r  in  v i t r o  t e s t in g .  The crude ribosome 
i s  s p e c i f ic  in  t h i s  system  fo r  c e l l s  taken from anim als s e n s it iz e d  w ith  
homologous organism s, and th ey  are n o t to x ic  fo r  n o n -se n s it iz e d  c e l l s  
a t  t h i s  co n cen tra tio n .
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Tabi e 13. Comparison o f racrophage migration in h ib itio n  of normal, !!. gonorrhoeae, and 
m eningitidis sen sitized  peritoneal exudate c e l l s  cultured in  the absence o f antigen or in  
the presence o f e ither gonococcal or meningococcal crude ribosomes.
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CHAPTSR IV 
DISCUSSION
The development, o f  a d ia g n o stic  t e s t  fo r  gonorrhea i s  o f  major im­
p ortan ce, The d ise a se  has reached epidem ic prop ortion s in  the United  
S ta te s  ( 6 8 ) .  The stu dy  o f  gonorrhea was long slowed the " so c ia l s t i g ­
ma" a tta ch ed  to  any v e n e re a l d isea se  and th e  assum ption th a t  drugs, 
e s p e c ia l ly  p e n i c i l l i n ,  would co n tro l the d is e a s e . Research on gonorrhea  
has lagged  behind th a t  o f  o th er  d is e a s e s , consequently  our knowledge o f  
the gonococcus, and gonococcal in f e c t io n ,  i s  s t i l l  q u ite  l im ite d .
Laboratory study o f  any d ise a se  req u ires the use o f  a s u ita b le  mod­
e l  system . Gonorrhea la c k s  an " ideal"  model system . Other than man, 
onlv  c e r ta in  p r im ates, which are exp en sive  to  m aintain  and d i f f i c u l t  to  
work w ith , are s u s c e p t ib le  to  gonococcal in f e c t io n  (U l) . Researchers 
are forced  to  use a r t i f i c i a l  system s, in  which lab oratory  anim als are 
a r t i f i c i a l l y  s e n s i t iz e d  to  gonococcal a n tig e n s . The guinea p ig  has 
long been an e x c e l le n t  model fo r  delayed  h j 'p e r se n s it iv ity  s tu d ie s .  VJhile 
the guinea p ig  i s  n o t s u s c e p t ib le  to  gonococcal in f e c t io n , the animal i s  
e a s i ly  s e n s it iz e d  a îd r e a c ts  w ith  a stron g  c e ll-m e d ia ted  delaj'ed hyper­
s e n s i t i v i t y  resp on se .
Though the guinea p ig  model cannot be d ir e c t ly  r e la te d  to  the human 
in fe c t io n , th e  work p resen ted  here i s  o f  more than academic v a lu e ,  
research ers have dem onstrated a c e ll-m e d ia te d  immune response to  gono­
coccal. in fe c t io n  in  th e  human. The tr a n s fe r  o f  r e s u lt s  o f  sk in  t e s t in g  
in  the guinea p ig  cannot be made to  h m an s, but i t  i s  hoped th a t  o th er  
research ers w ith  proper f a c i l i t i e s  v r ill  continu e t h is  work and tr y  to  
determ ine the v a l id i t y  o f  sk in  t e s t in g  in  the human in fe c t io n .
W-
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The r e s u l t s  in d ic a te d  th a t the gonococcal crude ribosome was sen ­
s i t i v e  and s p e c i f ic  f o r  anim als s e n s i t iz e d  Tjith homologous organisms*
I t  was shown th a t  crude ribosome p rep aration s f a i l e d  to  r e a c t  in  e ith e r  
th e  c lo s e ly  r e la te d  H « m eningi11d is  s e n s i t iv e  anim als or in  animals 
s e n s i t i z e d  w ith  th e  l e s s  c lo s e ly  r e la te d  saprophytic  sp e c ie s  a t d i lu ­
t io n s  o f  l e s s  than l.O u g , The gonococcal whole c e ll .p r e p a r a t io n s ,  
c e l l  w a l l s ,  protoplasm , p i l i n ,  and "303" ribosom al f r a c t io n s ,  crude
ribosm al p r o te in , and crude ribosm al RHA a l l  f a i l e d  to  demonstrate the  
s p e c i f i c i t y  and s e n s i t i v i t y  d isp layed  by th e  crude ribosome p reparation .
T estin g  w ith  cr^ade ribosom es and ribosom al su bu n its dem onstrated  
th a t the crude ribosom e p rep aration  p o sse ssed  g rea ter  a n t ig e n ic ity  than  
e ith e r  th e  "50S" or "303" f r a c t io n . This d i f f e r s  from the r e s u lt s  r e ­
ported  by Baker, e t  a l . ( 2 ) ,  which showed the 303 p a r t ic le  to  be 3 -  4 
tim es as p o ten t a sk in  t e s t  a n tig en  in  th e  n ^ cob acter ia l system . Ap­
p a ren tly  th e  a n t ig e n ic i ty  o f  th e  gonococcal crude ribosome d i f f e r s  
from th a t  o f  th e  m ycob acteria l ribosom e. A ttenpts to  i s o la t e  the a n t i ­
gen ic  f r a c t io n  o f  th e  crude ribosom e preparation  y ie ld e d  n eg a tiv e  r e s u l t s .  
Further s tu d ie s  u s in g  p u r if ie d  su b u n its  m ight clarif;}/- th is  s i tu a t io n .
Delayed h y p e r s e n s it iv i ty  r e a c tio n s  are g e n e ra lly  a sso c ia te d  w ith  
la rg e r  m o lecu les , s p e c i f i c a l l y  p r o te in s , as a n tig en s compared to  the  
sm aller h ap ten ic  reg io n s capable o f  s t im u la tin g  s p e c i f ic  humoral a n t i ­
bod ies (1 7 ) . For t h i s  rea so n , p r o te in s  in  the crude ribosome preparation  
could be r e sp o n s ib le  fo r  th e  p r e p a r a tio n ’ s a n t ig e n ic ity  in  a sk in  t e s t .  
There are fou r sou rces o f  p r o te in  in  th e  crude ribosome p reparation .
The f i r s t  source i s  p r o te in  a s s o c ia te d  w ith  the ribosom e. R ibos­
mal p r o te in  c o n s t i tu te s  anproxim ately  o f  th e  m ater ia l in  th e  r ib o ­
some (l|.). These p r o te in s , which are bound to  the ribosome in  in tim ate
co n ta ct w ith ribosom al RMA, are r e sp o n s ib le  fo r  th e  enzymatic p ro cesses  
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1 6o f  p o ly p ep tid e  sy n th e s is  by the ribosom e.
A second source o f  p r o te in  are the i n i t i a t i o n  fa c to r s  r e sp o n s ib le  
f o r  th e  b in d in g  o f  th e  ^OS and 303 su b u n its during p ro te in  sy n th e s is  
( 2 0 ,5 5 ) ,  These fa c to r s  cou ld  be leb er a ted  when th e  subunits d is s o c ia te  
and thus cou ld  account fo r  the decreased  a c t iv i t y  o f  the 503 and 303 
p a r t ic l e s .
The th ir d  source o f  p r o te in  i s  n ascen t p r o te in . This i s  p ro te in  
in  th e  p ro cess o f  b e in g  sr/nthesiz.ed. As lon g  as the 503 and 303 par­
t i c l e s  remain bound to  one another, and sy n th e s is  i s  n o t com plete, vary­
in g  amounts o f  n ascen t p o ly p etid e  cou ld  remain attach ed  to  the ribosom e. 
When th e  su b u n its d is s o c ia t e  the n ascen t p r o te in  would be l ib e r a te d ,  
d ilu te d  e x te n s iv e ly  in  the b u ffe r , and r e a c t iv i t y  l o s t .
The fo u rth  source o f  p r o te in  in  the crude ribosome preparation  i s  
from membraneous con tam in ation . There must c e r ta in ly  be some membrane 
fragm ents in  th e  crude ribosom e p rep ara tion . I f  so , th ese  frafÿtnents 
cou ld  con ta in  a v a r ie ty  o f  p r o te in s  which cou ld  be resp o n sib le  fo r  the  
sk in  t e s t  a c t iv i t y  seen  in  the crude ribosome preparation .
In order to  determ ine i f  the a n tig e n ic  f r a c t io n  was o ro te in  in  na­
tu r e , r eg a r d le ss  o f  so u rc e , p r o te in s  were i s o la t e d  from the crude r ib o ­
some preparation  by two m ethods. In both c a ses  the p ro te in  p rep aration s, 
which may co n ta in  p r o te in  from a l l  fo u r  sou i'ces, showed a 10 fo ld  decrease  
in  a c t iv i t y  when compared to  th e  crude ribosome preparation  in  gonococ­
c a l s e n s it iv e  an im als. I f  any o f  the soirrces su p p lied  the a c tiv e  pro­
t e in ,  th e  removal o f  th e  ribosom al PlIA caused a decrease in  the a c t iv -  
it?/- o f  th a t  p r o te in . S in ce  membraneous p r o te in  contaminants and nas­
cen t p ro te in  would s u f f e r  v ery  l i t t l e  conform ational change by removing 
the HNA, i t  i s  d ou b tfu l i f  th e se  two sou rces su p p lied  the a c t iv e  fr a c t io n
o f the crude ribosome p rep a ra tio n .
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Ribosomal p r o te in  and i n i t i a t i o n  fa c to r s  would s u f fe r  c o n fo m a tio n -  
a l  changes when removed from the ribosm al RIIA and th erfo re  cou ld , a l ­
though shoifing decreased  a c t iv i t y  when removed from th e RNA, supply the  
a n t ig e n ic i t y  when p resen t in  the in t a c t  ribosom e.
None o f  the th ree  sou rces o f  i®A, ribosm al IÏMA, c o n s t itu t in g  ap­
p rox im ately  60  ̂ o f  th e  m a ter ia l in  th e  ribosome ( 4 ) ,  tr a n s fe r  RNA, and 
m essenger RNA, appeared to  be the a c t iv e  f r a c t io n , Tvro methods o f  e x ­
tr a c t io n  Tcjere employed to  remove the RNA from the crude ribosome prep­
a r a tio n , R egard less o f  th e  method o f  e x tr a c t io n , the RNA shoifed a t  l e a s t  
a 10 fo ld  decrease  in  a c t i v i t y  compared to  th e  crude rebosome prepara­
t io n .  Again, i f  the RNA i s  the a c t iv e  fr a c t io n  o f  th e  p reparation , i t s  
co n fig u r a tio n  in  the in t a c t  ribosome must be c r i t i c a l  to  i t s  a c t iv i t y .
The immunology o f  th e  ribosome i s  ju s t  beginn in g  to  be stu d ied  ex ­
t e n s iv e ly .  At p r e se n t , mapy resea rch ers are u s in g  ribosomes and r ib o -  
son a l f r a c t io n s  in  many d if f e r e n t  s tu d ie s  in v o lv in g  a v a r ie ty  o f  organ­
ism s, Data ob ta in ed  th u s fa r  are o fte n  co n tra d ic to ry . Smith and B ig le y  
( 6 2 ) have shovm both  rib osm al RIÎA and ribosm al p r o te in  from Salm onella  
typhimurium to  be immunogenic. Venneman has reported  th a t S , tyohimurium  
ribosm al p r o te in  to  be nonimmunogenic (7 0 ) . Winston and Berry su g g est­
ed the im m im ogenicity o f  S tap hylococcus aureus ribosom es i s  due to  the  
ribosom al p r o te in , b u t th e  ribosom al RNA a c ts  a s an adjuvant (?6 ) ,
Thompson and Snyder ( 6 6 ) noted  th a t  in  the D iplococcus pneumoniae s y s ­
tem both ribosmal. RNA and p r o te in  are req u ired  fo r  immunogenicity but 
Youmans and Youmans (? 8 ) dem onstrated th a t  th e  removal o f  tlie ribosm al 
RNA decreased the Im m unogenicity o f  the n^^'cobacterial ribosome w hile  
removal o f  the p r o te in  d id  n o t . Baker, e t  a l , ( 2 )  has shovm th a t  the  
30s  ribosm al p a r t ic le  i s  3 -4  tim es more p o ten t a sk in  t e s t  an tigen  
than e ith e r  the 70S ribosom e or th e  ^OS su b u n it u sin g  M, bovi^  (BBG),
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R e su lts  o f  t h i s  stu d y  show t h i s  n o t to  be the case  when ribosom es from  
N. gonorrhoeae are used  as sk in  t e s t  a n tig e n s . U n til more t e s t in g  i s  
done Trrith th e  gonococcal ribosom e, as w e ll  as ribosom es from many o th er  
organism s, th e  e x a c t  nature o f  ribosom al immunogenicity vr ill remain in  
q u estio n .
An in te r e s t in g  fe a tu r e  observed when the ribosom al subunits were 
b ein g  t e s t e d  was the lo s s  o f  s e n s i t i v i t y  amoung the guinea p ig s  a f t e r  
on ly  th r ee  months. VJhile th e  model system  i s  Indeed a r t i f i c i a l ,  the  
decrease in  s e n s i t i v i t y  mâ r be inroortant. VJorkers u sin g  the same model 
(Baker, p erso n a l communication) have dem onstrated s e n s it iz a t io n  to  ity- 
c o b a c te r ia l a n tig en s la s t in g  over 18 months. I t  i s  p o s s ib le  th a t gon­
ococca l a n tig en s produce on ly  a sh o rt p eriod  o f  s e n s it iz a t io n , w ith  a 
subsequent decrease in  sk in  t e s t  r e a c t iv i t y .  I f  t h i s  i s  true i t  would 
be o f  extreme importance in  any d ia g n o stic  t e s t  fo r  gonorrhea, where the  
p o s s i b i l i t y  o f  rep eated  in f e c t io n  makes i t  d i f f i c u l t  to  d if f e r e n t ia te  
between a c t iv e  in f e c t io n s  and p a s t  in fe c t io n s  which were su c c e s s fu lly  
tr e a te d .
Most a n tig en s used in  a v a r ie ty  o f  d ia g n o stic  t e s t s  fo r  gonorrhea 
f a l l  in to  two main c a te g o r ie s 5 th o se  e x tr a c te d  from th e c e l l  w a ll ,  and 
those e x tr a c te d  from the protoplasm  o f  the gonococcus. Both fr a c t io n s  
f a i le d  to  show th e  r e a c t i v i t y  dem onstrated by the crude ribosome prep­
aration  when used  in  sk in  t e s t in g .  The protoplasm ic fr a c t io n  f a i l e d  
to  r ea c t as w e ll  as ex p ected  s in c e  t h i s  f r a c t io n  should con ta in  in ta c t  
ribosom es•
Severa l fa c to r s  argue a g a in s t  th e  presence o f  ribosomes in  the  
protoplasm . The gonococcus i s  ex trem ely  su sc e p tib le  to  a u t o ly s is .  
iJh ile  care was taken to  remove as many o f  th e  a u to ly t ic  and RNA degrad­
in g  enzymes as p o s s ib le  from th e  ribosome p rep a ra tio n s, no attem pt was
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made to  remove th ese  from the protoplasm , Rome ribosom al l o s s  would 
occur by a u t o ly s is .  A lso , no magnesium was added to  the system , so  some 
d is s o c ia t io n  o f  the 70S ribosom es had to  occur as w e l l . F in a lly ,  s in c e  
th ere  are many h etero logou s c o n s t itu e n ts  o f  protoplasm , the concentra­
t io n  o f  ribosom es would be p r o p o r tio n a lly  l e s s  in  the protoplasm  than  
in  th e  crude ribosome p rep ara tion .
The immediate (A rthus) r e a c tio n s  observed I4. hours a f te r  an tigen  
in j e c t io n  p a r a lle le d  th e  delayed  r e a c tio n s  observed a t  2k hours a f te r  
a n tig en  in j e c t io n .  No attem pt was made to  d e fin e  what c o n stitu te d  a 
p o s i t iv e  Arthus r e a c t io n . The im portance o f  th ese  observation s l i e s  in  
th e  a b i l i t y  o f  th e  crude ribosome to  r e a c t if ith  humoral antibody. Based 
on the in crea sed  areas o f  the Arthus r e a c tio n s  provoked by the ribosome 
prep aration  as compared t o  th o se  r e a c tio n s  provoked by the c e l l  w a lls ,  
protoplasm , and $08-308 p o o l, th e  crude ribosome has g rea ter  s e n s i t i ­
v i t y  when r e a c tin g  w ith  humoral antibody than do any o f the other a n t i ­
gens t e s t e d .  S in ce th e  crude ribosome i s  capable o f  r ea c tin g  w ith  
humoral an tib ody, i t  may be o f  v a lu e  in  a s e r o -d ia g n o stic  t e s t  as w e ll  
as a sk in  t e s t .  F urther resea rch  should  be done in  t h is  regard.
The s p e c i f i c i t y  o f  the gonococcal crude ribosom es was demonstrated 
u sin g  anim als s e n s i t i z e d  w ith  e i t h e r  M. gonorrhoeae or N. m en in g itid is*  
Kingsbury, e t  a l . ( 3 6 ) ,  have dem onstrated th a t  the N e is se r ia  genus can 
be d iv id ed  in to  th ree  d i s t i n c t  groups based  on EIÎA homology. The three  
groups are th e  "pathogens", th e  "non-pathogens", and IT. ca b g r rh a lis .
In the pathogen group, N. gonorrhoeae and N. m en in g itid is  have a t l e a s t  
BOJo o f  t h e ir  n u c le o tid e  sequences s im ila r . The non-pathogen group have 
from 8- 1$;j s im i la r i ty  t o  th e  pathogens and N. ca ta rrh a lx s shows no r e ­
la t io n  to  any o f  the o th er  s p e c ie s  t e s t e d .  Due to  the s im ila r ity  o f  
th e  gonococcus and the m eningococcus, N. m e n in g it id is  was used to  son -
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s i t i z e  anim als to  determ ine the s p e c i f i c i t y  o f  the gonococcal crude
ribosom e p rep ara tion . I t  was shovm th a t  th e  crude ribosome was ab le
*
to  d i f f e r e n t ia t e  between gu in ea p ig s  s e n s i t iz e d  w ith  th ese  two very  
c lo s e ly  r e la te d  organism s.
The macrophage m igration  in h ib it io n  t e s t s  showed the sk in  t e s t  
r e a c tio n s  to  be tru e  c e ll-m e d ia te d  delayed  h y p e r s e n s it iv ity  responses  
stim u la te d  by crude ribosom es and m ediated by lymphoid c e l l s  s p e c i f i c a l ­
l y  s e n s i t i z e d  to  gonococcal a n tig e n s . The in  v i t r o  dem onstration o f  
c e ll-m e d ia te d  immunity w ith  th e  gonococcal and m eningococcal crude 
ribosome p rep ara tion s opens the way fo r  the human c e l lu la r  response  
w ith  th e se  a n t ig e n s . I t  i s  d i f f i c u l t  to  ob ta in  perm ission  to  use human 
su b je c ts  f o r  in  v i t r o  t e s t in g ,  but the use o f  p e r ith e r a l lymphocytes 
in  an in  v i t r o  c o r r e la te  o f  delayed  h y p e r s e n s it iv ity  ( 5 l ) ,  such as 
the macrophage m igration  in h ib it io n  t e s t ,  would a llow  the use o f  the 
gonococcal crude ribosom e in  t e s t in g  th e  human c e l lu la r  response to  
gonococcal in f e c t io n .
This stucty has shox-m th a t  th e  gonococcal crude ribosome prepara­
t io n  i s  both s p e c i f i c  and s e n s i t iv e  when used as a sk in  t e s t  an tigen  
in  s e n s it iz e d  guinea p ig s .  Further s tu d ie s  should  be c a rr ied  out to  
a sc e r ta in  whether th e  same h o ld s tru e  in  the human in fe c t io n  w ith  H. 
gonorrhoeae. A lso ovserved  during t h i s  study was the a b i l i t y  o f  the  
crude ribosome p rep a ra tio n  to  r e a c t  vxith humoral antiboc^ . This in ­
d ic a te s  the crude ribosom e may be o f  va lu e  as an antigen  in  a sé ro ­
d ia g n o stic  t e s t  fo r  gonorrhea. T his a sp ec t should  a lso  be stu d ied  
fu rth er . F in a lly ,  i t  was dem onstrated th a t  crude ribosome prepara­
t io n  was capable o f  b e in g  used in  an in  v i t r o  c o r r e la te  o f  delayed  
h y p e r se n s it iv ity , su g g e s t in g  th e  human immune response in  gonorrhea 
could  be stu d ied  u s in g  th e  crude ribosom e in  in  v i t r o  experim ents 
TTith hum en nerinheral lympho<r''tes.
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CHAPTER V 
sma%RT
R e su lts  o f  t h i s  stu dy in d ic a te d  th a t  the gonococcal crude ribosom es 
p o sse ssed  th e  s e n s i t i v i t y  and s p e c i f i c i t y  req u ited  to  d i f f e r e n t ia t e  b e ­
tween gu in ea p ig s  a r t i f i c i a l l y  s e n s i t iz e d  w ith  N. gonorrhoeae and an­
im als s e n s i t iz e d  w5.th the c lo s e ly  r e la te d  organism , N. m en in g itid is  
when used as a sk in  t e s t  a n tig e n . The crude ribosome preparation  d i s ­
p layed  b e t t e r  s e n s i t i v i t y  and s p e c i f i c i t y  than any o f  the o th er  gonococ­
c a l  c e l l  f r a c t io n s  u t i l i z e d  as sk in  t e s t  a n tig e n s .
I t  was noted  th a t  a r t i f i c i a l  s e n s i t iz a t io n  o f  guinea p ig s  if ith  
whole gonococcal c e l l s  produced a tr a n s ie n t  s e n s i t iz a t io n  la s t in g  l e s s  
than th ree  months. I t  was a ls o  sho;m th a t  th e  gonococcal crude ribosome 
was capable o f  r e a c t in g  w ith  humoral antibody in d ic a t in g  th a t the crude 
ribosome p rep aration  msy be u s e fu l  in  a se r o -d ia g n o s t ic  t e s t  as w e ll  
a sk in  t e s t .
The dem onstration th a t  th e  crude ribosome preparation  cou ld  be 
used in  an in  v i t r o  c o r r e la te  o f  d elayed  h y p e r s e n s it iv ity  opens the  
way fo r  stuct/ing  th e  human c e l l  m ediated response to  gonococcal in f e c ­
t io n .  P erip h era l lym phocytes from humans cou ld  be used as an in  v it r o  
t e s t  t o  determ ine th e  v a lu e  o f  gonococcal riPosom es as a d ia g n o stic  
t e s t  fo r  the human in f e c t io n  m t h  N. gonorrhoeae.
51
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
LTTERATUlîE CITED
1 . M ie s ,  C.R* 1969. S e n s i t iv i t y  o f  N e is se r ia  gonorrhoeae to  p e n ic i l l in
and o th er  a n t ib io t i c s .  B r it .  jT^Vpn. D is . ^ :2 1 6 -2 2 2
2 . Baker, R .E ., W.E. H i l l ,  and G.L. Larson. 1972. Delayed hyp ersens­
i t i v i t y  r e a c t io n s  provoked by ribosom es from a c id - fa s t  b ac­
i l l i .  I ;  Ribosome i s o la t io n ,  c h a r a c te r iz a tio n , delayed hy[)er- 
s e n s i t i v i t y ,  and s p e c i f i c i t y .  I n fe c t .  Immun. 6:25^-265 "
3»  9 W.E, H i l l ,  and C .I , Jjarson. 1973. Ribosomes o f  a c id - fa s t
b a c i l l i ,  I I :  Im m unogenicity, se ro lo g y , and in  v i t r o  c o r r e la t ­
e s  o f  delajred h y p e r s e n s it iv i ty .  I n fe c t ,  Immun. ^:23b-2iiU
B o lto n , E .T . 1953. B io p h y sics : P ro p ertie s  o f ribosom es. Carnegie 
I n s t ,  o f  Wash. Yearbook £7î126-11|1
9 . Buchanan, T.M ., J . Swanson, end E.G. G o tsch lich . 1973. Antiboc^ 
response to  gonococcal p i l l  in  p a t ie n ts  w ith  gonorrhea. J .
C lin . I n v e s t .  ^ : l ? a
6 . _____ , J . Swanson, K.K. Holmes, S .J .  Kraus, and E.G. G otsch lich .
1973* Q u a n tita tiv e  d eterm ination  o f  antibody to  gonococcal 
p i l i .  J . C lin . I n v e s t . 2396-2909
7. Casper, W.A. 1 9 h l. The b ioch em istry  o f  the gonococcus and i t s
p r a c t ic a l  im portance. Ven. D is . In fo . 22:119-123
8 . ______, 19?n. The e r a d ic a t io n  o f  gonorrhea through immunization
m th  s p e c i f i c  a n t ig e n s . Dermatology 13:29-31
9. Cave, V .G ., E .3 . H urdle, and A.R. G a t e l l i .  1970. S e n s i t iv i t y  o f
N e is se r ia  gonorrhoeae to  p e n e c i l l in  and other drugs. N .Y .S.
J. I'fed. 70:8lili-6Il7
10. Chacko, G.W., and G.M. H air . 1969. Ser o -d ia g n o s is  o f  gonorrhoea
w ith  a m icro p r e c ip i t in  t e s t  u s in g  lip o p ly sa cch a r id e  an tigen
from N e is s e r ia  gonorrhoeae. B r i t .  J , Ven. D is . U5:33~39
11. Cohen, O .K., D .S . K ello g g , J r . ,  and L.G. Norins 1969. Seruia a n t i -
bodfer resp onse in  exp erim en ta l gonorrhoea: Immuneglobulins 
G, A, and M. B r i t .  J . Ven. D is , 325-327
12. Conrad, C.K. 1936. Gonococcus f i l t r a t e  (Gor-bu.s-Feriy ) as a sk in
s e n s i t iz a t io n  t e s t  f o r  gonorrhea. N .Y .S. J . Med. 36:1767-  
1768
13 . Corbus, B.C. 1936* A sk in  t e s t  fo r  d ia g n o s is  o f gonococcus in f e c ­
t io n s .  J . U rology 35:112-125
lU .  , and B.C. Corbus, J r . ip f i l .  The cutaneous d ia g n o sis  o f  gono­
co cc i in f e c t io n s .  J . Am. Med. Assn. 116:113-115
52
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
. 53 .
15« D a n ie lsso n , D,G«, J.D* Schmale, IJ.L. Peacock, J r . ,  and J.D . Thayer. 
1969. A ntigens o f  I le is s e r la  gonorrhoeae; C h aracterization  
by g e l  f i l t r a t i o n ,  complement f ix a t io n ,  and aga -ge l d if fu s io n  
o f  a n tig en s o f  gonococcal protoplasm , J , B act. 97:1012-1017
I d .  David, J .R .,  3 . A l-A sk ari, TI.8. Lai-jrence, and L.T. Thomas, 196U.
Delayed h y p e r s e n s it iv ity  in  v i t r o . I :  The s p e c i f ic i t y  o f  
in h ib it io n  o f  c e l l  m igration  by a n tig e n s . J . Immunol. 93:
?.6k —
17* ______f H .S. Lai-mence, and L.T. Thomas. I 96U, Delayed hypersen­
s i t i v i t y  in  v i t r o . I I :  E f fe c t  o f  s e n s it iz e d  c e l l s  on normal 
c e l l s  in  the p resen ce  o f  a n tig e n . J . Immunol, 93'27h
18 . D avis, B .D ., R. D ulbecco, H.IJ. R isen , H .S. G insberg, V/.B. Wood,
and. H. McCarty. 1973. M icrob iology, p .$61;-$6$. Harper and 
Row, Hagerstown, Md.
19 .  i R. D ulbecco, H.H. R isen , H .S. G insberg, U.B. Wood, and H.
McCarty. 1973. M icrob io logy , p . 663-661;. Harper and Row, 
Hagerstovjn, Md.
20. E ise n s ta d t , J .M ., and G. Brawerman. 1966, A fa c to r  from E. c o l i
concerned w ith  th e  s t im u la tio n  o f  c e l l  fr e e  po lypeptide  
sy n th e s is  trf exogenous RHA. I :  EvJdence o f th e  occurrence 
o f  a s t im u la tio n  f a c t o r .  B iochem istry 9:2777-2783
21. E squenazi, V ., and M. S t r e i t f e l d ,  1973. Transformation o f  lympho­
c y te s  in  gonorrhea b efore  and a f t e r  treatm ent. I n fe c t . Immun. 
8:903-509
22. F o g e l, S . ,  and P .S . Sypherd. 1968, E x tra ctio n  and is o la t io n  o f
in d iv id u a l r ibosm al p r o te in s  from E. c o l l . J . B act. 96:358-
36a
23. Gaagar, H.A. and D. D 'A rch an gelis . 1972. S ero -d iagn osis  o f  gonor­
rhea b)r im m unofluorescent tech n iq u e . A bst, Ann. Htg. o f  
A .S.M ., 1972, p . I l l;
21;. George, M., and J.H . Vaughn. 1962. Tn v i t r o  c e l l  m igration  as a 
model fo r  d e layed  h y p e r s e n s it iv i t y , Proc. Soc. Sxoer. B io l.  
Med, n i : 9 l U
29. Greenberg. L ., B .B . D iena, C .P. Kenny, and R. Znamirowski. 1971.
Prelim inary s tu d ie s  on the developm ent o f  a gonococcal vac­
c in e . B u l l . ,  World H ealth Org. 931-535
26. Grinible, A .S ., and K.D, K cH lm urray. 1973. C e ll m ediated immune
response in  gonorrhoea, B r it .  J . Ven. D is. Ij2.;l;l;b-1;49
27. H andsfield , H .H ., T.O. Lipman, J .P . H am ish , E. Tronc a , and K.K,
Holmes, 197L. Asymptomatic gonorrhea in  men. Hew Engl, J. 
Med. 290:117-123
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
54
28, H errold, R,D, 1922. Skin r e a c tio n s  w ith  gonococcus f i l t r a t e s  
( to x in ? ) ,  J . Am, Med, Assn. 84:361
H il l j  W.M.j G,P, R o s s e t t i ,  and K .S, Van Holde, 19o9. P h ysica l 
s tu d ie s  o f  ribosom es from E. c o l i .  J . Mol, B io l.  263-277
3^»  > J .D , Thompson, and J .U . Anderegg, 1969, X-ray sc a tte r in g
o f  ribosom es from F.. c o l i . J . Mol. B io l .  89-102
31. Johnson, II, 1973. Ribosomal v a c c in e s . I I :  S p e c i f ic i t y  o f  the im­
mune response to  ribosom al RITA and p ro te in  is o la te d  from 3 a l -  
m onella  t^mhimurium. I n f e c t .  Immun. 8:395-400
32. 3 arid ' i .  S c h a lla . 1974. Ribosmal v a c c in e s , Immunogenicity
and c ro ss  Immimity dem onstrated w ith  ribosm al v a c c in e s .
A bst. Ann. Mth. o f  A .S .M ., 1974, P. 137
33 . Kanai, D.M., G.P. Youmans, and A .S. Youmans, I960 . A lle r g e n ic ity
o f  in t r o c e l lu la r  o a r t i c l e s ,  c e l l  wsüLls, and cytoplasm ic f lu id  
from M. tu b e r c u lo s is . J . B act. 80;615-621
34. K ello g g , D .S ,, J r . ,  V/.L. Peacock, J r . ,  V/.E, Deacon, L. Brown, and
C .I . P ir c le ,  1963. N e is s e r ia  gonorrhoeae, I .  V irulence  
g e n e t ic a l ly  lin k e d  to  cJonal v a r ia t io n s , J , B act. 85:1274- 
1279
35 . ______, E.M, Turner, C, Calloway, L. Lee, and J,E . M artin. 1971.
P a r t ic u la te  f r a c t io n  o f  N e is se r ia  gonorrhoeae. I n fe c t , Immun,
3:624-632
36. K ingsburf, D .T ., G.R. Fanning, K.E. Johnson, and D.J* Brenner. I 969.
Thermal s t a b i l i t y  o f  in te r s p e c ie s  N e is se r ia  DMA duplexes. J . 
Gen. M icro b io l, 55:201-208
37. Kirby, K .S, 1958. B io lo g ic a l  P rep aration s, p .79. John Ifiley  and
Sons, îfe’7 York. V o l. 6
38. K ohler, H. 1931. The d ia g n o s is  o f  gonorrhea througn in tra cu ta n e-
ous in j e c t io n .  (T rans, from German) Z tschr. f  u r o l. Ghir, 
2^:54 o f :  J . Lab. C lin . lied. A bst. 17:497
39. Kraus, S .T . ,  G.ÏÎ. P erk in s , and G. G e lle r . 1970. lymphocyte tra n s­
form ation in  rep ea ted  gonococcal u r e t h r i t i s .  I n fe c t ,  Immun,
2:655-658
40. Lee, L ., and J .D . Schm ale. 1970, I d e n t if ic a t io n  o f a gonococcal
an tigen  imporivant in  th e  human imimme response. I n fe c t , Immun, 
1:207-203
41. lÆwi.n, R. 1973. The b s t t l e  a g a in s t  gonorrhea. Now S c ie n t is t ,  10
Hay, p . 355-357
42. Logan, L .G ,, P,M. Cox, and L,C. K orins, 1970, R e a c tiv ity  o f  two
gonococcal a n tig e n s  in  the automated m icrohenagglutination  
procedure. App. M icro b io l. 20:907-909
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
55
W . LoT'TTy, 0 ,H ,, N .J . Rosenbrouf^h, A.L, Farr, and R .J , R andall. 1951» 
P ro te in  measuremont vrith the F o lin  phenol reagen t. J . B io l .  
Ghem. 193:269-275
UU, Lucas, J .B . ,  S.W. P r ic e , and J.D . Thayer. 1967. D iagnosis and
treatm ent o f  gonorrhea in  th e  fem ale. New Engl. J. Hed. 26?;
lU5U-lh59
U5. liaeland , J .A .,  F. W esenberg, and 0 . Tonder. 1973. M odified e r y -  
throc%rtes in  in d ir e c t  hem agglutination  ïf ith  ^ e is s e r la  gono­
rrhoeae a n tig e n . B r i t .  J . V en.D is . 1^9:256-2j9
)j6. Magnus son , B .,  and J. K je lla n d er . 1965. Gonococdal complement f i x ­
a t io n  t e s t  in  com plicated  and nncom nlicated gonorrhea. B r it .
J . Ven. D is . ^ :1 2 7 -1 3 1
]\J, M artin, J .S . ,  J r . ,  \J,L,  Peacock, J r . ,  G. R a isin g , D.S. K ellogg,
J r . ,  E. R ib i, and J .D . Thayer. 1969. Preparation o f c e l l  w a lls  
and pro t o o l  asm xjith the R ib i C e ll F ra ctio n a to r . J. B act. 
9 7 :1009-1011
Organon, In corp orated , West Orange, New Jersey , 07052. "Report
on a new s e r o lo g ic  t e s t  f o r  gonorrhea". T echnical l i t e r a t u r e .  
1973.
ii9. Otaka, B . , T. I tc h , and S . Osawa. 1966. Ribosomal p ro te in s  o f  
b a c te r ia l  c e l l s :  S tr a in  and s o e c ie s  s p e c i f i c i t y .  J . Mol.
B io l .  33:93-107
50. Ratnatunga, C .S. 1971. E va lu ation  o f  th e  gonococcal complement
f ix a t io n  t e s t .  B r i t ,  J , Ven. D is. U7:279-268
51. Rauch, H .C ., and K. King. 1973. Human leu k ocy te  m igration  in h ib i­
t io n  as an in d ic a to r  o f  c e l lu la r  h ^ rp ersen sitiv ity  t o  so lu b le  
a n tig e n s . I n t .  Arch, Allerg}'' IjA:862-H7U
52. R e is in g , G. 1971. M ic r o flo c c u la tio n  assay  fo r  gonococcal antibody.
App. M c r o b io l .  21:352-853
53. _____ , and D .S. K ello g g , Jr . 1965. D ection o f  gonococcal antibody.
Pro. Soc, Kxper. B io l .  Med, 1 2 0 :660-663
5U. •  , J .D . Schmale, D.G. Danicslsson, and J .D . Thayer. 1969. Re­
a c t iv i t y  o f  two s e le c t e d  a n tig en s o f  N e is se r ia  gonorrhoeae.
App. M icrob io l. 13 :337-339
55. R evel, M.R., and R. G ros. 19o6. A fa c to r  from E. c o l i  required
fo r  tr a n s lo c a t io n  o f  n a tu ra l m essenger RNA. Biochem, Biophi/S. 
Res. Comm. 124-132
56. Rodas, C .V ., and A.R. A rnold. 1972. S e r o lo g ic a l s tu d ie s  in  gono­
co cca l in f e c t io n ,  A bst, Ann. Mtg. o f A .S .ii . ,  1972, p.H U
57. R o sse tt, n , 1939. Skin  r e a c t io n s  to  an e x tr a c t  prepared from a
gonococcus b o u illo n  f i l t r a t e .  Yale J . B io l .  Med. ll:3U 5-35u
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
58 , uarker, P .K ., and S, Som. I 969, S p ec ies  s p e c i f i c i t y  o f ribosom al
p r o te in s  n.n eu c a ry o tic  and p ro ca ry o tic  organism s. Biochem. 
Biophys Hes, ' 'omm. 37:767-770
59. ochm ale, J .D . 1970. S e r o lo g ic  d e te c t io n  o f  gonorrhea. In E di­
t o r i a l s ,  Ann. I n t .  Med. 72:593-595
D a n ie lsso n , J .F , Sm ith, L. Lee, and W.L. Peacock, Jr . 
1969. I s o la t io n  o f  an an tigen  o f  M eisseria  gonorrhoeae in ­
v o lv ed  in  th e  hnman immune response to  gonococcal, in f e c t io n .
J . B act. 22-^°9-l|.71
6 1 . S k in n er, M.D. ( e d , ) , S e r o lo g ic a l t e s t s  fo r  gonorrhea. Communi­
ca b le  D isease  Motes and Comments, 22 O ct., 1973 (%-%ek k2) .  
Communicable D isease  Center, A tla n ta , G eorgia.
62 . Sm ith, R .A ., and N .J . B ig le y , 1972. R ibonucleic  a c id -p r o te in
fr a c t io n s  o f  v ir u le n t  Salm onella  tArphimurium as p r o te c t iv e  
immunogens. I n f e c t ,  Lmmun. 6 :377- 31/3
63 . S p a r lin g , P .M ., T .J . W iesner, K.K. Holmes, and E.H. Kass. 1972.
Treatment o f  gonorrhea. E d ito r ia l .  J . I n fe c t .  D is. 127:578-  
580
6!;. , 1972. A n t ib io t ic  r e s is ta n c e  in  M eisseria  gonorrhoeae. lied.
C lin . N. Am. 56:1133-lD ^li
65. S p itn ik -S ls o n , P. 1965. The preparation  o f  ribosom al p r o te in  from
E. c o l i  m th  lith iu m  c h lo r id e  and urea . Biochem. B ionhys.
Res. Comm, 18:557-562
66 . Teague, 0 . ,  and J .C . T orrey. 1906. A study o f  gonococcus by th e
method o f  " f ix a t io n  o f  complement". J . Med. Res. 12:223-236
67. Thayer, J .D ., and J .E . M artin, J r . 1966. Im p ro v ed  medium s e le c t iv e
fo r  c u l t iv a t io n  o f  M eisser ia  gonorrhoeae and T 'eisser ia  men­
i n g i t i d i s . Pub. "fealth Rep. 81:559-562
68. Thomas, D.M., and E. W eiss. 1072. Response o f  mi,ce to  in je c t io n
o f  a ribosom al f r a c t io n  from Group B M eisseria  m eningatadas.
I n fe c t .  Immun. 6:355-363
69. Thompson, H .C .'i., and I .S .  Snyder, 1971. Ihrotection a g a in st pneumo­
c o c c a l in f e c t io n  by a ribosom al o reo a ra tio n . I n fe c t .  Iraraun. 
3:16-23
70. T is s ie r e s ,  A ., and J .D . Watson. 1958. R ibonucleoprotein  p a r t ic le s
from E sc h e r ic h ia  c o l i . Mature 1 8 2 :778-780
71. Today's Venereal D isea se  C ontrol Problem, p . 12-13* 89L. Feldman
( c h a ir , ) .  Am* S o c ia l  " e a lth  Assn. R ep., 197U
72. Torrey, J . C .  1907. A g g lu tin in s  and n r e c ip it in s  in  a n t i gonococcal
-'rum. J . Med. I "es, 16:329-358
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
57
73* Venneman, II.R. 1972. P u r if ic a t io n  o f  im .lanologicall^  a c tiv e  
r ib o n u c le ic  a c id  prep aration s o f  SaJjnonella tzmhimurium: 
m olecu lar s ie v e  and ajiion exchange chromotography. I n fe c t ,  
Immun, 269-282
78, Vfaksman, B ,H ,, and M. M ato ltsv . 1958. Q u an titative  study o f  lo c a l  
p a ss iv e  tr a n s fe r  o f  tu b er cu lin  s e n s i t i v i t y  vrith p e r ito n ea l  
exudate c e l l s  in  gu inea p ig s ,  J . Immunol. 81:235-281
75» W allace, R ., B ,B . p len a , H. Y ugi, and L, Greenberg. 1970, The 
b e n to n ite  f lo c c u la t io n  t e s t  in  the assay  o f  K eisser ia  
antibody/-. Gan, J , M icrob io l, 16:665-659
76 . W ilcox , R,R. 1970. A n tib io t ic  treatm ent o f  gonorrhoea, B r it .  J .
Ven. D is . 8^:217-282
77. , 1972. A m oxycillin  in  th e  treatm ent o f  gonorrhoea, B r it .  J .
Ven. D is . 508-509
78. W inston, S .H ., and T,.J, B erry. 1970. A n tib a cte r ia l irm unity in ­
duced by ribosom al v a c c in e s . J . R eticulendotheliali. Soc. 8 :
13-28
79.  , and L.tT. Berrv^. 1970. Immunity induced by ribosomal. e x tr a c ts
from S tan hylococcus aureus. J . R eticu lo en d o th e lia l Soc.
66-73
80. Youmans, A .S .,  and G .P. Youmans. 1965. Immunogenic a c t iv i t y  o f  a
ribosom al f r a c t io n  obtained  from I T .  tu b e r c u lo s is . Pro. Bat. 
Acad. S c i . ,  U.S.A.  61:122-129
81. , and G.P,  Youmans. i 960 . E f fe c t  o f  tr y p s in  and rib onu clease
on th e  immunogenic a c t iv i t y  o f  ribosom es and r ib o n u cle ic  ac id  
i s o la t e d  from lycob acteriu m  tu b e r c u lo s is . J . B act. 91:2186-
2158
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
